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MANUFACTURING DEVICE OR INSPECTION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a focus and tilt 
adjusting system which enables high- precision focus 
control and high precision tilt control by a method 
wherein the position of the principal surface of a 
substrate in the z-direction is detected in the scanning 
direction, a direction intersecting the scanning direction, 
and a direction intersecting the scanning direction from 
the image forming direction respectively, and a focus of 
an image projected onto the substrate is adjusted basing 
on the detection values. 

SOLUTION: Forcus detecting systems GDL and GDR 
are each equipped with focus detection points positioned 
in front and at the rear of an imaging field, respectively, 
with respect to the direction of a scanning movement of 
a wafer W in scanning projection aligner. Seeing from above the surface (XY plane) of a wafer 
W, a focus detecting system GDC is equipped with a detection point located in a non- 
scanning direction vertical to the scanning direction of the imaging field of a 1 4 reduction 
projection lens PL. Z actuators 32A, 32B, 32C are driven by an optimal distance by an AF 
control unit 38 basing on the detection data supplied from the focus detection systems GDL, 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s) 

[Claim 1 A scanning exposure device comprising: 

(a) An image formation system for projecting an image of a pattern of a mask on a substrate 
with an image formation view. 

(b) A scanning mechanism for moving said mask and said substrate to a scanning direction to 
said image formation system. 

(c) A regulatory system for adjusting a focus of an image projected on said substrate. 

(d) It is a detection area to the 1st position. 

[Claim 2 In the scanning exposure device according to claim 1, said scanning mechanism, A 
scanning exposure device having a synchronous drive system for moving said mask stage and 
said substrate stage with a velocity ratio corresponding to a mask stage for holding said mask, 
a substrate stage for holding said substrate, and projecting magnification of said image 
formation system. 

[Claim 3 The scanning exposure device comprising according to claim 2: 

A suction part for said substrate stage to draw a rear face of said substrate. 

An auxiliary plate part surrounding when said substrate is supported by said suction part 

height almost equal to the surface of said substrate said substrate. 

[Claim 4 When a shot region of said substrate exposed with a pattern of said mask is in a 
periphery of said substrate in the scanning exposure device according to claim 3, A scanning 
exposure device, wherein said 2nd detection system and said 3rd detection system are 
arranged so that at least one detection area can detect a position in a Z direction of the surface 
of said auxiliary plate part among said detection areas. 

[Claim 5 In the scanning exposure device according to claim 4, said 1st detection system, this - 
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- a Z direction position error value of the surface of said substrate to a predetermined standard 
Z position about the 1st detection system, and - this -- generating one side of a Z direction 
position error value of said auxiliary plate part to a predetermined standard Z position about 
the 1st detection system, said 2nd detection system, this -- a Z direction position error value of 
the surface of said substrate to a predetermined standard Z position about the 2nd detection 
system, and -- this - generating one side of a Z direction position error value of said auxiliary 
plate part to a predetermined standard Z position about the 2nd detection system, said 3rd 
detection system, this - a Z direction position error value of the surface of said substrate to a 
predetermined standard Z position about the 3rd detection system - and - this - a scanning 
exposure device generating one side of a Z direction position error value of said auxiliary plate 
part to a predetermined standard Z position about the 3rd detection system. 
[Claim 6 Said predetermined standard Z position concerning on the scanning exposure 
device according to claim 5 and said 1st detection system, A scanning exposure device 
characterized by a difference between said predetermined standard Z positions being detected 
by proofreading when said predetermined standard Z positions about said predetermined 
standard Z position about said 2nd detection system and said 3rd detection system differ 
mutually. 

[Claim 7 In the scanning exposure device according to claim 4, by a case where a scanning 
direction of said substrate is the direction of Y. When a direction which intersects 
perpendicularly with each of said direction of Y and said Z direction is the direction of X, said 
1st detection system, A scanning exposure device having the 1st focus detector of a multipoint 
type which has two or more detection areas, crossing said two or more detection areas to the 
range of size in said direction of X of an image formation view of said image formation system, 
and having become a single tier in accordance with said direction of X on said substrate. 
[Claim 8 In the scanning exposure device according to claim 7, said 2nd detection system, 
Have two or more 2nd focus detectors, and said 2nd focus detector, Equip both sides in said 
direction of X with a detection area among said two or more detection areas used as a single 
tier of said multipoint type of the 1st focus detector, and each of said 2nd focus detector, A 
scanning exposure device characterized by detecting a Z direction position of one of said 
surface of said substrate and said auxiliary plate part separately in each of said detection area. 

[Claim 9 In the scanning exposure device according to claim 8, said 3rd detection system, 
Have two or more 3rd focus detectors, and said 3rd focus detector, A scanning exposure 
device, wherein it is provided in both sides in said direction of X of said image formation view 
of said projection system and each of said 3rd focus detector detects a Z direction position of 
one of said surface of said substrate and said auxiliary plate part separately in each of said 
detection area. 
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[Claim 10 A projection aligner comprising: 

(a) An image formation system for projecting an image of a mask pattern on a substrate in the 
projection view fields. 

(b) A movable stage mechanism for moving in the direction which crosses in the direction of X, 
and the direction of Y, and positioning said substrate about an image of said projected mask 
pattern. 

(c) A regulatory mechanism for adjusting a focus of an image of a mask pattern projected on 
said substrate. 

(d) It is a detection area to the 1st position. 

[Claim 1 1 In the projection aligner according to claim 10, said 1st detection system, Have two 
or more 1st focus detectors that have two or more detection areas, and said two or more 
detection areas, A projection aligner, wherein it is a single tier in accordance with said direction 
of X in the range according to size in said direction of X of a projection view field of said image 
formation system and each of said 1st focus detector detects Z position of the surface of said 
substrate separately in each of said detection area. 

[Claim 12 In the projection aligner according to claim 1 1 , said 2nd detection system, Have the 
2nd two focus detector and said 2nd two focus detector, A projection aligner, wherein it has 
two detection areas arranged at both sides of two or more of said detection areas used as a 
single tier of said 1st detection system and each of said 2nd focus detector detects Z position 
of the surface of said substrate separately in each of said two detection areas. 
[Claim 13 In the projection aligner according to claim 12, said 3rd detection system, Have the 
3rd two focus detector and said 3rd two focus detector, A projection aligner, wherein it is 
arranged at both sides in said direction of X of said projection view field of said image 
formation system and each of said 3rd focus detector detects Z position of the surface of said 
substrate separately in each of said two detection areas. 

[Claim 14 In the projection aligner according to claim 13, said movable stage mechanism, 
When a fitting part for drawing a rear face of said substrate and said substrate are supported 
by said fitting part, A projection aligner, wherein it has an auxiliary plate part surrounding said 
substrate in height substantially equal to the surface of said substrate and the surface of said 
auxiliary plate part is detected by 1 of said 2nd two focus detectors, and 1 of said 3rd two focus 
detectors. 

[Claim 15 By projecting some patterns of a mask on a photosensitive substrate through a 
projection system, and moving said mask and said photosensitive substrate to a projection 
view field of said projection system, Are a pattern of said mask a scanning exposure method 
transferred to said photosensitive substrate, and said method, (a) A step which attaches said 
photosensitive substrate to an electrode holder which has an auxiliary plate part surrounding 
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[ height substantially equal to height of the surface of said photosensitive substrate said 
photosensitive substrate, (b) While having a step which reads a focal error of an exposure 
region of said photosensitive substrate where said some of mask patterns are projected and 
carrying out scanning movement of said electrode holder and said photosensitive substrate, 
Before said exposure region arrives at a projection view field of said projection system, it is 
read by said focal error of said exposure region, and said method, When an exposure region 
on the (c) aforementioned photosensitive substrate arrives at said projection view field, A step 
which detects a focal error of some [ one ] surfaces of said photosensitive substrate and said 
auxiliary plate part according to a focus detecting system for exposure positions which is 
distant from a projection view field of said projection system in the direction which intersects 
perpendicularly in said scanning move direction, and has been arranged, (d) Based on said 
focal error detected by said step (b) and (c), have a step which adjusts a focus between said 
projection system and said photosensitive substrate, and by it. A scanning exposure method, 
wherein a focal error of an exposure region on said photosensitive substrate is amended in the 
projection view fields of said projection system. 

[Claim 16 In the scanning exposure method according to claim 15, said method is applied to a 
projection aligner, and said projection aligner has a projection system, and said projection 
system, A scanning exposure method having 20 mm or an operating range not more than it to 
the surface of said substrate. 

[Claim 17 The scanning exposure method comprising according to claim 15: 

Said method is [ in / it is applied to a dipping-type projection aligner and said dipping-type 

projection aligner said photosensitive substrate. 

Between transparent optical elements arranged at the image surface side of said projection 
optical system, it is a projection optical path. 

[Claim 18 A scanning exposure method, wherein said projection optical system is provided 
with test working distance that thickness of a fluid between said photosensitive substrate and 
said transparent optical element of said projection optical system becomes 2 mm or less than 
it, in the scanning exposure method according to claim 17. 

[Claim 19 In the scanning exposure method according to claim 15, said method, It is applied to 
a scanning exposure device and said scanning exposure device, A scanning exposure 
method, wherein it has a reflective refraction projection system, said reflective refraction 
projection system has an optical element for refraction, and an optical element for reflection 
and a transparent optical element is arranged in said scanning exposure device at the image 
surface side. 

[Claim 20 A scanning exposure method, wherein said transparent optical element arranged at 
said image surface side serves as a prism mirror in the scanning exposure method according 
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to claim 19 and said prism mirror equips the surface of said photosensitive substrate with the 
parallel ejection surface substantially. 

[Claim 21 Are said objective lens optical system the focusing device formed in a device which 
it has, and so that focusing can be controlled between the surface of a workpiece, and an 
objective lens optical system said focusing device, (a) Equip the 1st position with the 1st 
detection system provided with a detection area, and said 1st position, It is provided in the 
outside of a view of said objective lens optical system, and said 1st detection system, Have 
detected a position of said direction of focusing of the surface of said workpiece, and said 
focusing device, Equip the (b) 2nd position with the 2nd detection system provided with a 
detection area, and said 2nd position, It is provided in the outside of a view of said objective 
lens optical system, and an interval is opened and established from said 1st position, and said 
2nd detection system, Have detected a position of said direction of focusing of the surface of 
said workpiece, and said focusing device, Equip the (c) 3rd position with the 3rd detection 
system provided with a detection area, and said 3rd position, Are provided in the outside of a 
view of said objective lens optical system, and from each of said 1st position and said 2nd 
position, open an interval, it is provided, and said 3rd detection system has detected a position 
of said direction of focusing of the surface of said workpiece, and said focusing device again, 
(d) Connect with said 1st detection system and said 2nd detection system, calculate a gap 
between said 1st focal position detected by said 1st detection system and a target focal 
position, and at the time of detection by said 1st detection system. A computer for memorizing 
said 2nd focal position detected by said 2nd detection system, (e) It has a controller connected 
with said computer and said 3rd detection system, When said field on said workpiece 
corresponding to said detection area of said 1st detection system positions within a view of 
said objective lens optical system by relative displacement of said workpiece and said 
objective lens optical system, A focusing device, wherein said controller is based without said 
calculated gap, said 2nd memorized focal position, and said 3rd focal position detected by said 
3rd detection system and controls focusing of said objective lens optical system on said 
surface of said workpiece. 

[Claim 22 When a workpiece and a view of an objective lens optical system receive in the 
direction of X, and the direction of Y mutually and move to them, Are focusing of said objective 
lens optical system in the surface of said workpiece the method of controlling, and said 
method, (a) A step which attaches said workpiece to an electrode holder which has an 
auxiliary plate part surrounding height substantially equal to height of the surface of said 
workpiece said workpiece, (b) While moving said electrode holder and said workpiece in the 
predetermined move direction, Before a local predetermined portion of said workpiece reaches 
a view of said objective lens optical system, Have a step which reads a focal error of said local 
portion of the surface of said workpiece, and said method, When said local portion of the (c) 
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aforementioned workpiece reaches said view, According to the 1st focus detecting system left 
and arranged from a view of said objective lens optical system in the direction which intersects 
perpendicularly in said move direction. A step which detects a focal error of some one 
surfaces of said workpiece and said auxiliary plate part, (d) Based on said focal error detected 
by said step (b) and (c), control focusing between said objective lens optical system and said 
workpiece, and by it a focal error of a local portion of said workpiece, A method amending with 
a view of said objective lens optical system. 

[Claim 23 In a method according to claim 22, said method, . Have few operating ranges so that 
a detection beam of an oblique incidence light type focus detector may not be aslant led to the 
surface of said workpiece just under said objective lens optical system. A method applying to 
at least one of a measuring instrument for manufacture, a lithography exposure device, a 
drawing device, and the test equipment. 

[Claim 24 an optical image formation system - this - a fluid in space between an optical image 
formation system and a photosensitive substrate, let pass and Are a mask pattern image a 
projection aligner for projecting on a photosensitive substrate, and said projection aligner, 
Have an assembly holding two or more optical elements of said image formation system, even 
if there are few said assemblies, it is dipped in said fluid by end part, and said projection 
aligner, It was attached to said end of said assembly, have an end optical element which has 
the end surface which counters said substrate and contacts said fluid, and Said end surface of 
said end optical element, A projection aligner the surface of said end of said assembly 
receiving mutually, being the same flat surface substantially, and preventing disturbance of 
said liquid flow by it. 

[Claim 25 A method characterized by comprising the following of adopting a projection system 
and processing a molding section into a semiconductor wafer. 

(a) Have a step which attaches said semiconductor wafer to an electrode holder, and said 
electrode holder, It has a wall provided at right angles to a periphery, and by this, a liquid layer 
can be formed on said wafer so that between the surface of said wafer and said projection 
systems may be in an immersion state, A scanning step which said method scans said 
electrode holder along the image surface of the (b) aforementioned projection system again, 
and performs scan exposure by this by projecting a molding section pattern image on said 
wafer through said projection system and said liquid layer. 

(c) It has a step which amends either at least a focal error between the surface of said 
wafer, and the image surface of said projection system, or the tilt errors between said scanning 
steps by using a focus detecting system, Two or more focus detection points by which said 
focus detecting system has been arranged at the outside of the image surface of said 
projection system. 
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[Claim 26 A method, wherein said projection system is provided with resolution smaller than 
0.5 micrometer in a method according to claim 25. 

[Claim 27 A scanning exposure method characterized by comprising the following for 
transferring a pattern of a mask to a substrate through an image formation system. 
Said scanning exposure method is provided with a step which provides the 1st detection 
system provided with the 1st detection area, and said 1st detection area, Are provided in the 
outside of an image formation view of said image formation system, and an interval is opened 
and provided in a scanning direction from said image formation view, and said 1st detection 
system, Have detected a position in an optical axis direction of said image formation system of 
the surface of said substrate, and said scanning exposure method, Have a step which provides 
the 2nd detection system provided with the 2nd detection area, and said 2nd detection area, 
Are provided in the outside of an image formation view of said image formation system, and an 
interval is opened and established in the direction which intersects said scanning direction 
from said 1st detection area, and said 2nd detection system, Have detected a position in said 
optical axis direction of the surface of said substrate, and said scanning exposure method, 
Have a step which provides the 3rd detection system provided with the 3rd detection area, and 
said 3rd detection area, Are provided in the outside of an image formation view of said image 
formation system, and further, from said image formation view, open an interval in the direction 
which intersects said scanning direction, it is provided in it, and an interval is opened and 
provided in said scanning direction from said 2nd detection area, and said 3rd detection 
system, A step which has detected a gap in said optical axis direction between a position of 
the surface of said substrate, and a target position and to which said scanning exposure 
method determines a target position of said 3rd detection system between exposure of said 
substrate again based on a detection result of said 1st detection system, and a detection result 
of said 2nd detection system. 

A step which adjusts physical relationship between the surface of said substrate, and the 
image surface of said image formation system between exposure of said substrate based on a 
detection result of said 1st detection system, a detection result of said 2nd detection system, 
and a detection result of said 3rd detection system. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention 
[0001] 

[Field of the Invention Especially the invention in this application relates to the lithography 
exposure device (aligner) for transferring a circuit pattern from a mask or reticle to a sensitized 
substrate about manufacture of a semiconductor. 

[0002]The invention in this application relates to the system (system) for detecting the tilt 
(namely, inclination) of said workpiece for detecting the focus on a workpiece (a wafer, a 
substrate, or a plate), i.e., work pieces, again. The system concerned can apply the state of 
the device for using laser and an electron beam, and manufacturing a workpiece, or carrying 
out image formation of the desired pattern to the surface of a workpiece, or the surface of a 
workpiece to a kind of a certain kind like the device for inspecting optically of device. 
[0003] 

[Description of the Prior Art In recent years, the semiconductor chip (DRAMs) of the DINA 
MIIKKU random access memory which has the integration density of 64 megabits is mass- 
produced by semiconductor manufacturing technology. Such a semiconductor chip is 
manufactured by exposing a semiconductor wafer, carrying out image formation of the circuit 
pattern, and piling up and forming the circuit pattern often layers or the layer beyond it by this, 
for example. 

[0004]The lithography device used for manufacture of such a chip on the other hand now is an 
aligner for projection. In the aligner for the projection, it is reticle (.). The circuit pattern drawn 
on the chromium layer on a mask plate by or the pulsed light which has the wavelength of 248 
nm from i line (wavelength of 365 nm) and the KrF excimer laser of a mercury-vapor lamp. By 
irradiating with said reticle, it lets the reduction optical image formation system (namely, 
reduction projection optical system) reduced to- 1 4 or 1 5 pass, and is transferred by the regist 
layer of a wafer surface. 
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[0005]The projection aligner (aligner for projection) used for this purpose, According to the type 
of an image formation optical system, the group division is carried out in general at the thing 
(namely, what is called a stepper) using a step and repeat system, and the thing using the step 
and scanning method which has received attention recently. 

[0006JA process is repeated in a step and repeat system. That is, in the process, whenever it 
carries out grade movement, when whose a wafer is the stepping method the pattern image 
of reticle uses a reduction projection lens system or the projection lens system of single 
magnification, it is projected on some wafers. Said reduction projection lens system is formed 
only from the optical material for refraction (lens element). 
It has the circular image vision field. 

The single projection lens system of magnification is formed from the optical material for 
refraction (lens element), the prism mirror, and the concave mirror. 
It has the un-circular image vision field. 

The shot region of a wafer or a plate is exposed to a pattern image by said image vision field. 
[0007]A wafer is exposed by some images of the circuit pattern of reticle (for example, shape 
of a circular slit) in a SUTTEPU and scanning method. Some images of the circuit pattern of 
reticle are projected on a wafer through a projection optical system. Simultaneously, 
continuously, reticle and a wafer are fixed speed and move with the velocity ratio according to 
projecting magnification. Therefore, one shot region on a wafer is exposed by the image of all 
the circuit patterns on reticle in the scanning method. 

[0008]For example, as described by 256 pages of SPIEVol.922 of "optical / laser micro 
lithography (Optical Laser Microlithography) (1988) thru or 269 pages a SUTTEPU and 
scanning method, After one shot region on a wafer is scanned and exposed, 1 step moving of 
the wafer is carried out, it is constituted so that the next shot region may be exposed, and it is 
constituted so that the effective image vision field of a projection optical system may be 
restricted to a circular slit. Although the projection optical system is indicated by United States 
patent (given to Shafer) 4,747,678th, it can be considered to be the combination of the optical 
element for two or more refraction, and the optical element for two or more reflection like. 
[0009](lt was given to Nishi) The United States patent is indicating an example of an aligner. In 
this aligner, the SUTTEPU and scanning method is performed by attaching the reduction 
projection lens for the steppers who have a circular image vision field. This U.S. gazette is 
indicating again the method by which the pattern image projected at the time of scanning 
exposure is transferred by the wafer when only the specified quantity makes the depth of focus 
(DOF) on a wafer increase. 

[0010]in the field of a lithography technology, it is desirable that the semiconductor memory 
chip which has the integration density and accuracy of 1 giga or about 4 giga can be 
manufactured by exposure by light. The art exposed by light has long technical history, and 
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since it is based on the know how accumulated in large quantities, it is convenient to continue 
and use the art exposed by light. If the problem of the exposure technology by the electron 
beam instead of other or an X-ray technic is taken into consideration, it is effective to use the 
art exposed by light. 

[001 1]1 giga of memory chip is considered that the minimum linewidth (shape width) needs to 
be about 0.18 micrometer (micrometer). On the other hand, 4 giga of memory chip is 
considered that the minimum linewidth (shape width) needs to be about 0.13 micrometer 
(micrometer). In order to attain such a linewidth, the far ultraviolet ray which has wavelength 
shorter than 200 nm or it, for example, the far ultraviolet ray produced with an ArF excimer 
laser, is used, and, thereby, it can irradiate with a reticle pattern. 

[0012](lt has wavelength shorter than 400 nm or it) As an optical material of the glassiness 
which has suitable transmittance to a far ultraviolet ray, Quartz (S.O J, fluorite (C FA a 

lithiumfluoride (L.F^, a magnesiumfluoride (M g F 2 ), etc. are generally known. Quartz and 

fluorite serve as an optical material of glassiness required in order to form the projection optical 
system which has high resolution in the range of a far ultraviolet ray. 

[001 3] However, supposing it makes the numerical aperture (NA) of a projection optical system 
increase and attains high resolution, making the size of a view increase, It is required to take 
into consideration the fact that the diameter of the lens element formed with quartz or fluorite 
becomes large, and manufacture of such a lens element becomes difficult as a result. 
[0014]lf the numerical aperture (NA) of a projection optical system is made to increase, depth- 
of-focus (DOF) deltaF will decrease inevitably. If the theory of Rayleigh of image formation is 
applied, generally depth-of-focus deltaF will be defined by wavelength, the numerical aperture 
NA, and the process coefficient Kf (0<Kf<1) as shown below. 

[0015]deltaF=Kf- (iambda/NA 2 ) 

Therefore, if 193 nm of wavelength becomes, wavelength is equal to the wavelength of ArF 
excimer laser light, the numerical aperture NA is set as about 0.75, and if the process 
coefficient Kf is 0.7, depth-of-focus deltaF in the atmosphere (air) will be set to about 0.240 
micrometer. In this case, theoretical resolution (minimum linewidth) deltaR is expressed by the 
following equation which uses process coefficient Kr (0<Kr<1). 
[0016]deltaR=Kr- (lambda/NA) 

Therefore, under the state where it mentioned above, if process coefficient Kr becomes 0.6, 
resolution deltaR will be set to about 0.154 micrometer. 

[0017]ln order to improve resolution, while it is necessary to make the numerical aperture of a 
projection optical system increase as mentioned above, if a numerical aperture increases, it is 
important that it is cautious of the depth of focus decreasing rapidly. If the depth of focus is 
small, it is necessary to improve accuracy, reproducibility, and stability. Based on accuracy, 
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reproducibility, and stability, the automatic-focusing doubling system for doubling between the 
best image surface of a projection optical system and the regist layer sides on a wafer is 
controlled. 

[0018]On the other hand, the composition to which a numerical aperture is made to increase is 
possible, without making the size of a view increase, when a projection optical system is taken 
into consideration from the standpoint of a design or manufacture. However, if a numerical 
aperture is substantially set as a big value, the diameter of a lens element will become large 
and, as a result, it will become difficult to form and process the optical material (for example, 
quartz and fluorite) of glassiness. 

[0019]Subsequently, a dipping projection method may be used as a means for improving 
resolution, without making the numerical aperture of a projection optical system increase 
greatly. In this method, the space between a wafer and a projection optical system is filled up 
with the fluid. Please refer to United States patent (given to Tabarelli) 4,346,164th about this. 
[0020]ln this dipping projection method, the space between a wafer and the optical element 
which constitutes a projection optical system from projection one end (image surface side) is 
filled up with the fluid which has a refractive index near the refractive index of a photoresist 
layer. The number of effective apertures of the projection optical system seen from the wafer 
side increases by this, namely, resolution can be improved. It is expected that this dipping 
projection method can gain good image formation performance by choosing the fluid to be 
used. 

[0021 ]The automatic-focusing doubling (AF) system is generally provided in the publicly known 
projection aligner now. This automatic-focusing doubling system can control the relative 
position of a wafer and a projection optical system correctly, and can make the surface of a 
wafer agree in the optimal image surface (conjugate side of reticle) of a projection optical 
system by it. This automatic-focusing doubling system is provided with the surface position 
detection sensor for detecting change of the position (Z direction position) of the height 
direction of a wafer surface by non-contact, and the Z direction regulatory mechanism for 
adjusting the interval between a projection optical system and a wafer based on this detected 
change. 

[0022]ln the projection aligner used now, the optical type sensor and the pneumatic 
micrometer type sensor are used as a surface position detection sensor. The electrode holder 
(and Z stage) for supporting a wafer is provided as a Z direction regulatory mechanism. The 
electrode holder (and Z stage) which supports a wafer moves perpendicularly in submicron 
accuracy. 

[0023]Supposing such an automatic-focusing doubling system is provided in the aligner to 
which a dipping projection method is applied, since a wafer is held at a fluid, it is natural that 
cannot use a pneumatic micrometer type sensor but an optical sensor is used monopolistically. 
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In such a case, for example, an optical sensor for focusing which was indicated by United 
States patent (given to Suwa) 4,650,983rd is constituted. The beam for measurement which 
the beam for measurement (image formation beam of a slit image) was aslant projected on the 
projection view field on a wafer by it, and was reflected in the wafer surface lets the slit for 
light-receiving pass, and is received by the detector of a photoelectric method. The change of 
focal errors of the height of a wafer surface, i.e., the amount, is detected from change of the 
position of the reflected beam (reflective beam) which occurs to the slit for light-receiving. 
[0024]The sensor for focusing of an oblique incidence light (light is entered aslant) type which 
was indicated by United States patent 4,650,983rd, If the usual projection optical system which 
has 10 thru/or 20-nm test working distance is directly attached to the projection aligner dipped 
in the fluid, the problem described below will arise. In such a case, it is necessary to set as a 
fluid the projection optical system along which the following projection beams and a reflective 
beam pass. That is, the projection beam is emitted from the object lens for projection of the 
sensor for focusing, and arrives at the projection view field of the projection optical system on a 
wafer. It is reflected by the wafer and the reflective beam reaches the object lens for light- 
receiving. 

[0025]Therefore, the beam of the sensor for focusing progresses in a fluid covering a long 
distance. By it, if the temperature distribution of a fluid is not stable with high precision, since 
temperature is unequal, a projection beam and the received beam will be changed by change 
of a refractive index, and, as a result, the accuracy of focus detection (namely, detection of the 
position of the height direction of a wafer surface) will fall. 

[0026] With a dipping projection method, in order to attain 0.15lambdam or the resolution not 
more than it, it is necessary to set the test working distance of a projection optical system as a 
value small enough to have mentioned above. Therefore, projection beam itself of the sensor 
for oblique incidence light (light is entered aslant) type focusing, One important question arises 
from the space between a projection optical system and a wafer how an automatic-focusing 
doubling system applicable to a dipping projection method should be constituted for this 
reason that becomes difficult [ it / to project aslant towards the projection area on a wafer . 
[0027]On the other hand, the aligner (exposure device) which has a projection optical system 
(henceforth "1X ) single magnification type is used in the field which manufactures an LCD 
device (flat panel display) with the field which manufactures a semiconductor device. These 
days, one system (system) is proposed for this kind of aligner. A certain type of two or more 1X 
projection optical systems can be arranged, and it can scan now by a mask and a 
photosensitive plate receiving the system mutually, and moving to it in one. As for the test 
working distance of 1X projection optical system used, it is desirable that it is ideal extremely 
small. A single Dyson (single Dyson) type with which each 1X projection optical system was 
indicated by U.S. Pat. No. 4,391,494 (given to Hershel), Or it is the double Dyson (double 
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Dyson) type which was indicated by United States patent (given to Swanson etc.) 5,298,939th. 

[0028]ln the aligner which has a such Dyson (Dyson) type projection optical system, By fully 
decreasing test working distance (namely, interval between the exit surface of a prism mirror, 
and the image surface), the problem which can restrict the various aberration and distortion of 
an image which were projected to a small value, and is produced by aberration or distortion as 
a result is lost as a matter of fact. . Therefore, in this kind of aligner, a focus is detected by the 
sensor for focusing. The detection area (for example, the irradiation position of the projection 
beam in the oblique incidence light system which enters light aslant or the air discharge 
position in a pneumatic micrometer system) on a photosensitive substrate is usually set as the 
position which swerved from the effective projection view field field of the projection optical 
system. That is, it is set up by an off-axis method. 
[0029] 

[Problem(s) to be Solved by the Invention It is impossible to actually detect whether the field of 
the substrate exposed from a circuit pattern to projected light was correctly adjusted by a best 
focal position or state because of this reason. 

[0030]ln the device which draws a pattern to a substrate, Or in the device into which it is 
processed by using the spot of a laser beam or an electron beam (or manufacture), a 
substrate, the objective lens system (or electron lens system) for projecting a laser beam and 
an electron beam, and the test working distance between become very small. As a result, a 
possibility that it becomes impossible to attach the AF sensor which can detect the focal error 
of a processing position or can detect the focal error of the drawing position on the substrate 
face in the view of an objective lens optical system arises. 

[0031]ln such a case, the detection position of an AF sensor is placed by only the outside of 
the view of an objective lens system in order to detect a focal error. It becomes impossible 
therefore, to detect whether the focal error has actually occurred in the processing position or 
drawing position in a view of an objective lens system. 

[0032]That it is the same as this can say the pattern drawn on reticle or a mask, and the 
detailed pattern formed in the wafer also about the device for inspecting optically by photo 
lithography. That is, it is because the objective lens system for an inspection is provided also in 
this kind of test equipment. The end of an objective lens system is because only 
predetermined test working distance separates from the surface of said specimen and is 
established toward the surface of the specimen (plate) inspected. 
[0033]Therefore, if the objective lens system which is comparatively alike and has big 
magnification and high resolution is used, test working distance will become very small and, as 
a result, the same problem about the character of an AF sensor will arise. 
[0034] 
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[Means for Solving the Problem In consideration of the above-mentioned problem of a 
pertinent art, the invention in this application, Even if a projection optical system which 
decreases test working distance as compared with the usual projection optical system is 
incorporated, a projection aligner (exposure device) and an exposure method which can 
perform control of focusing with high precision, and can do tilt control with high precision are 
provided. 

[0035]The invention in this application relates to an aligner of a step-and-repeat type. The 
surface of a photosensitive substrate is exposed in an aligner of a step-and-repeat type by 
pattern image projected through a projection system or a scanning exposure device (scanning 
aligner). In a projection system or a scanning exposure device, it is a mask (.). Or reticle and a 
photosensitive substrate move relatively to a suitable system to detect while a pattern image 
is projected, move relatively to an image formation system, and these kinds of focal positions 
and tilts in an exposure device (aligner). 

[0036]ln an exposure device and an exposure method of the invention in this application, 
focusing control and tilt control are performed about a shot region in peripheral positions on a 
photosensitive substrate. 

[0037]With a scanning exposure device and a scanning exposure method of the invention in 
this application, without setting a focus detection area as a projection view field of a projection 
optical system, about an exposure region of a photosensitive substrate, control of focusing can 
be performed with high precision, and tilt control can be done with high precision. 
[0038]ln a dipping type projection aligner and a dipping type scanning aligner which were 
designed in order to improve the depth of focus, a sensor and a focus detection method for 
focusing of the invention in this application are stabilized, and can detect an error in surface 
focusing or a tilt of a photosensitive substrate dipped in a fluid. A sensor and a focus detection 
method for focusing of the invention in this application are suitable for a manufacture 
(processing) device, a drawing device, or test equipment which has an objective lens optical 
system of small test working distance. 

[0039]An image formation system (projection lens system) for the invention in this application 
to project a pattern image of a mask (reticle) on a substrate (wafer) through an image 
formation view, A scanning mechanism (a reticle stage or a wafer XY stage) for moving a 
mask and a substrate to a scanning direction to an image formation system, A substrate and 
an image formation system are received mutually, and it can apply to a scanning exposure 
device which has Z-drive system which doubles a focus of an image projected on a Z direction 
by driving. The invention in this application in order to position a substrate about an image 
formation system for projecting a pattern image of a mask on a substrate through a projection 
view field, and a pattern image projected, It is applicable to a projection aligner (namely, 
stepper) which has Z-drive system which doubles a focus of an image projected by receiving 
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mutually and driving a substrate and an image formation system to a Z direction with a 
movable stage mechanism which moves in the direction of X, and the direction of Y. 
[0040]An exposure device, i.e., a scanning mechanism of an aligner, or a movable stage can 
be used as a mechanism for maintaining a mask or a substrate horizontally. Or an exposure 
device, i.e., a scanning mechanism of an aligner, or a movable stage is good also as a 
mechanism for maintaining a mask or a substrate at a certain fixed angle from the level 
surface. For example, it is good also considering a mask or a substrate as level or a vertical 
(every length) stage mechanism for making it move perpendicularly, maintaining a mask or a 
substrate with a vertical posture. In this case, a flat surface where a mask or a substrate 
moves has countered in the direction of X, and the direction of Y. A Z direction which lies at 
right angles to each of the direction of X and the direction of Y is also referred to (for example, 
a Z direction is in agreement in the direction of an optic axis of a projection optical system 
arranged in a transverse direction, or the direction of a chief ray). 

[0041]According to the invention in this application, the 1st detection system, the 2nd detection 
system, and the 3rd detection system are provided in an aligner. The 1st detection system 
equips the 1st position with a detection area. The 1st position is provided in the outside of an 
image formation view of an image formation system, in a scanning direction (the direction of 
Y), from an image formation view of said image formation system, opens an interval and is 
established. The 1st detection system detects a position in a Z direction of the surface (upper 
surface) of a substrate. The 2nd detection system equips the 2nd position with a detection 
area. The 2nd position is provided in the outside of an image formation view of an image 
formation system, in direction (X) which intersects perpendicularly with a scanning direction 
(the direction of Y), from said 1st position, opens an interval and is established. The 2nd 
detection system detects a position in a Z direction of the surface of a substrate. The 3rd 
detection system equips the 3rd position with a detection area. The 3rd position is provided in 
the outside of an image formation view of an image formation system, in a direction (the 
direction of X) which intersects perpendicularly with a scanning direction (the direction of Y), 
from an image formation view of said image formation system, opens an interval and is 
established. In a scanning direction (the direction of Y), also from said 2nd position, the 3rd 
position opens an interval and is established again. The 3rd detection system detects a 
position in a Z direction of the surface of a substrate. 

[0042]According to the invention in this application, to an aligner, a gap between 1st Z position 
and a target Z position which were detected by the 1st detection system is calculated further, 
By movement caused by a computer,; scanning mechanism, or a movable stage mechanism 
for memorizing temporarily 2nd Z position detected by the 2nd detection system when 
detected by the 1st detection system. When a field on a substrate corresponding to a detection 
area of the 1st detection system is positioned by image formation view of an image formation 
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system, a controller for controlling Z-drive system based on a calculated gap, 2nd memorized 
Z position, and 3rd Z position detected by the 3rd detection system; it is provided. 
[0043]The invention in this application is applicable to a scanning exposure method. In this 
scanning exposure method, by projecting some mask patterns on a photosensitive substrate 
through a projection optical system, All the patterns of a mask (reticle) are transferred by 
photosensitive substrate (wafer) by moving a mask and a photosensitive substrate 
simultaneously to a projection view field of a projection optical system. 
[0044]A method of the invention in this application is provided with the following. 
A step for attaching a photosensitive substrate to an electrode holder which has the auxiliary 
plate part formed so that a photosensitive substrate might be surrounded in height 
substantially equal to surface height of a photosensitive substrate. 

A step which reads a focal error of an exposure region on a photosensitive substrate a priori. 
Some patterns of a mask are projected on a field on said photosensitive substrate. While 
carrying out scanning movement of an electrode holder and the photosensitive substrate, 
before an exposure region arrives at a projection view field of a projection optical system, a 
focal error of an exposure region is read. A method of said invention in this application is 
provided with the following. 

According to an exposure position focus detecting system which is distant from a projection 
view field of a projection optical system, and has been arranged in a direction (the direction of 
X) which intersects perpendicularly to the direction of scanning movement (the direction of Y) 
when an exposure region on a photosensitive substrate arrives at a projection view field. A 
step which detects a focal error of some surfaces of a photosensitive substrate or an auxiliary 
plate part. 

A step which adjusts distance between a projection optical system and a photosensitive 
substrate based on a detected focal error so that a focal error of an exposure region on a 
photosensitive substrate may be amended in a projection view field of a projection optical 
system. 

[0045]A manufacture (processing) device, an image formation device and a focus detection 
sensor suitable for test equipment, or a focus detection method, Instead of a projection optical 
system for an exposure device (aligner) mentioned above or an exposure method used, it is 
similarly attained by using an objective lens optical system for manufacture, drawing, image 
formation, or an inspection. 
[0046] 

[Embodiment of the Invention Drawing 1 shows the entire structure of the projection aligner in 
the 1st example of the invention in this application. The projection aligner of the 1st example is 
a lens scan type projection aligner. In the projection aligner, the circuit pattern on reticle lets a 
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reduction projection lens system pass, and is projected on a semiconductor wafer. Said 

reduction projection lens system is provided with the following. 

The circular image vision field formed in telecentric system by the object side. 

The circular image vision field formed in telecentric system by the image side. 

On the other hand, reticle and a wafer move to a projection lens system, and are scanned 

(scan). 

[0047]The illumination system shown in drawing 1 is provided with the following. 

The ArF excimer laser light source for emitting the pulsed light which has the wavelength of 

193 nm. 

The beam expander for forming in predetermined shape the section of the pulsed light emitted 
from said light source. 

An optical integrator like the fly eye lens for forming secondary light source images (two or 
more one-set point light sources) by receiving said pulsed light formed in predetermined 
shape. 

The condensing lens system for condensing said pulsed light from said secondary light source 
images to the pulse illumination light which has uniform illuminance distribution, The reticle 
blind (lighting field diaphragm) for operating the pulse illumination light orthopedically in a 
rectangle long and slender in the direction which intersects perpendicularly to the scanning 
direction at the time of scanning exposure, The relay optical system for collaborating with the 
mirror 1 1 and the condensing lens system 12 which were shown in drawing 1 , and carrying out 
image formation of the opening of the rectangle of a reticle blind to the reticle R. 

[0048]The reticle R is supported by vacuum suction in the reticle stage 14. The reticle stage 14 
is movable with constant speed in one dimension by big stroke during scanning exposure. It 
sees by drawing 1 , and it shows around on the columnar structure object 13 of an aligner main 
part, and moves to a transverse direction, and the reticle stage 14 can be scanned now (scan). 
The reticle stage 14 is shown so that it can move in the direction which intersects 
perpendicularly to the flat surface of drawing 1 again. 

[0049]The coordinates position of the reticle stage 14 in an XY plane and a delicate rotation 
gap are continuously measured by the laser-interferometer system (IFM) 17. The laser- 
interferometer system 17 ejects a laser beam to the moving mirror (a plane mirror or a corner 
mirror) 16 attached to a part of reticle stage 14. The laser-interferometer system 17 receives 
the laser beam reflected by the moving mirror 16 (that is, light is received). The reticle stage 
controller 20 controls the motor (it is (like a linear motor or a voice coil)) 15 which drives the 
reticle stage 14 based on XY-coordinates position measured by the laser-interferometer 
system 17. Scanning movement and stepping movement of the reticle stage 14 are controlled 
by it. 

http://www4.ipdU 4/30/2009 



JP,10-154659,A [DETAILED DESCRIPTION] 



Page 11 of 39 



[0050]When a part of circuit pattern region of the reticle R is illuminated by the pulsed light 
formed in the rectangle emitted from the condensing lens system 12, It lets 1 4 (namely, 1 4) 
reduction-projection-lens system PL pass, and the image formation optical beam which comes 
out of the circuit pattern of the illuminated portion is projected on the photosensitive resist layer 
applied to the upper surface (namely, principal plane) of the wafer W, and carries out image 
formation. The optic axis AX of 1 4 reduction-projection-lens system PL is positioned so that it 
may elongate through the central point of a circular image vision field, and so that it may 
become the same axle to the optic axis of the illumination system 10, and the optic axis of the 
condensing lens system 12. 

[0051 ]1 / 4 reduction-projection-lens system PL is provided with two or more lens elements. 
The lens element comprises quartz which has high transmissivity, and two different materials 
like fluorite, for example to the ultraviolet rays which have the wavelength of 193 nm. Fluorite is 
mainly used, in order to form the lens element which has Masachika (positive power). The air 
of the body tube to which the lens element of 1 / 4 reduction-projection-lens system PL was 
fixed is transposed to nitrogen gas. By this, the absorption of the pulse illumination light which 
has the wavelength of 193 nm by oxygen is avoidable. It is similarly transposed to nitrogen gas 
about the optical path applied to the condensing lens system 12 from the inside of the 
illumination system 10. 

[0052]The wafer W is held at the wafer holder (zipper) WH. The wafer holder WH has drawn 
the rear face (rear flank) of the wafer by vacuum suction. The annular auxiliary plate part HRS 
is formed in the periphery of the wafer holder WH so that the circumference of the wafer W 
may be surrounded. The height of the annular surface of the auxiliary plate part HRS serves as 
substantially the upper surface of the wafer holder WH attached to the upper surface of the 
wafer holder WH with the same flat surface. When carrying out scanning exposure of the shot 
region in the peripheral positions on the wafer W so that the following may explain in detail, If 
the detecting point (namely, detecting point) of the sensor for focusing is positioned by the 
outside of the outline edge of the wafer W, the annular auxiliary plate part HRS will be used as 
an alternative focus detection side. 

[0053]The annular auxiliary plate part HRS functions as a flat reference plate (reference plate) 
for proofreading system offset of the sensor for focusing as indicated by above-mentioned 
(given to Suwa) United States patent 4,650,983rd. A needless to say and special reference 
plate is provided independently, and it may be made to proofread the sensor for focusing. 
[0054]The wafer holder WH is attached to the ZL stage 30. The ZL stage 30 can carry out 
translation motion to a Z direction in accordance with the optic axis AX of 1 4 reduction- 
projection-lens system PL. The ZL stage 30 is movable also in the direction which intersects 
perpendicularly to the optic axis AX, while carrying out tilt motion to the XY plane. The ZL 
stage 30 is attached to XY stage 34 via the three Z-actuators 32A, 32B, and 32C. XY stage 34 
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is movable to two dimensions in the direction of X, and the direction of Y on a base. Each of 
the Z-actuators 32A, 32B, and 32C serves as a piezo elastic element, a voice coil motor or a 
DC motor, and combination of the lift cam mechanism, for example. 
[0055]Supposing each of the Z-actuators 32A, 32B, and 32C (namely, Z-drive motor) drives 
only the same quantity as a Z direction, while between XY stages 34 is maintained in parallel, 
translation motion of the ZL stage 30 will be carried out to a Z direction (namely, direction 
which performs focusing). Supposing each of the Z-actuators 32A, 32B, and 32C drives only 
quantity which is different in a Z direction, the amount of tilts (inclination) and tilting directions 
of the ZL stage 30 will be adjusted by it. 

[0056]Two-dimensional movement of XY stage 34 is caused by some drive motors 36. The 
drive motor 36 is a linear motor etc. which can generate driving force by the DC motor 
(namely, direct current motor) made to rotate a feed screw or a noncontact state, for example. 
The drive motor 36 is controlled by the wafer stage controller 35. The measurement- 
coordinates position from the laser interferometer (IFM) 33 is supplied to the wafer stage 
controller 35 so that change of the position in the direction of X and the direction of Y of a 
reflector of the moving mirror 31 can be measured. 

[0057]For example, entire structure of XY stage 34 which uses a linear motor as the drive 
motor 36 can be made into what is indicated by Provisional Publication No. 61 -209831st 
(Tateishi electrical-and-electric-equipment incorporated company) exhibited on September 18, 
1986. 

[0058]About this example, the work distance (test working distance) of 1 4 reduction- 
projection-lens system PL, It is very small, therefore the projection beam of the sensor for 
focusing of the type of oblique incidence light passes along the space between the surface of 
the optical element of 1 / 4 reduction-projection-lens system PL nearest to the image surface, 
and the upper surface of the wafer W, and it is thought that it cannot lead on the surface of a 
wafer. The three off-axis type (the outside of the projection view field of 1 4 reduction- 
projection-lens system PL is equipped with the focus detection point) focus detecting systems 
GDL, GDC, and GDR are arranged in therefore this example on the outskirts of a lower 
part end of the barrel (body tube) of 1 / 4 reduction-projection-lens system PL. 
[0059]The focus detecting systems GDL and GDR are set up among these focus detecting 
systems have the focus detection point (focus detection point) positioned by the front side of a 
projection view field, and the backside to the direction of scanning movement of the wafer W at 
the time of scanning exposure. When one shot region of the wafer W is scanned and exposed, 
one side of the focus detecting systems GDL and GDR selected according to the direction of 
scanning movement (a plus direction or the minus direction) operates, A rectangular projection 
image has the change in the height position of the surface of a shot region predicted, before 
being exposed by the wafer. 
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[0060]Therefore, the focus detecting systems GDL and GDR function as the prediction sensor 
of the focus detecting system indicated by United States patent (given to SAKAKIBARA etc.) 
5,448,332nd in a similar manner, for example. However, in this example, different sequences 
from the sequence of the 5,448,332nd focus (or tilt adjustment) of an United States patent are 
used, therefore the special focus detecting system is added to the focus detecting systems 
GDL and GDR. This structure is explained in detail by the following. 
[0061]Focus detecting system GDC shown in drawing 1 equips the non-scanning direction 
which intersects perpendicularly to the scanning direction of the projection view field of 1 4 
reduction-projection-lens system PL with the detecting point (detecting point) arranged by the 
off-axis method, when it sees on the surface (namely, XY plane) of the wafer W. However, in 
addition to the detecting point by the side of front [ of 1 / 4 reduction-projection-lens system 
PL , focus detecting system GDC equips the backside of 1 4 reduction-projection-lens 
system PL with other detecting points, seeing by drawing 1 . 

[0062]The focus detection method according to the invention in this application has the feature 
in the point that off-axis focus detecting system GDC and one side of the prediction focus 
detecting systems GDL and GDR collaborate mutually, and operate. Detailed explanation of 
these focus detecting systems is mentioned later. 

[0063]The information about some height positions of the wafer surface detected by each of 
the focus detecting systems GDL, GDR, and GDC mentioned above, including for example, 
the error signal showing the amount of gaps from the best focal position, etc., is inputted into 
the automatic-focusing doubling (AF) control unit 38. Based on the detection information 
supplied from the focus detecting systems GDL, GDR, and GDC, the AF control unit 38, The 
optimal quantity that drives each of the Z-drive motors 32A, 32B, and 32C as a Z-actuator is 
determined, the Z-drive motors 32A, 32B, and 32C are driven, focusing is performed to the 
field of the wafer W in which a projection image actually carries out image formation, and tilt 
adjustment is performed. 

[0064]For this control, each of the focus detecting systems GDL and GDR serves as a sensor 
for multipoint (multipoint) focusing. This sensor has a detecting point in two or more positions 
(for example, at least two positions) in the rectangle projection area on the wafer W formed of 
1 / 4 reduction-projection-lens system PL. Focusing has come for the AF control unit 38 to be, 
able to carry out tilt adjustment of the wafer W in a non-scanning direction (the direction of X), 
of course at least. 

[0065]By moving in the direction of Y with constant speed in XY stage 34, the aligner shown in 
drawing 1 is constituted so that scanning exposure may be performed. The relation between 
scanning movement of the reticle R and the wafer W between scanning exposure and stepping 
movement of the reticle R and the wafer W is explained with reference to drawing 2 . 
[0066]lf drawing 2 is referred to, the front group lens system LGa and the back group lens 
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system LGb express 1 4 reduction-projection-lens system PL shown in drawing 1 . The exit 
pupil Ep exists between the front group lens system LGa and the back group lens system LGb. 
Circuit pattern region Pa is formed in the frame (frame) demarcated by cover belt SB on the 
reticle R shown in drawing 2 . Circuit pattern region Pa has larger diagonal line length than the 
diameter of the circular image vision field formed on the object 1 4 reduction-projection-lens 
system PL side. 

[0067]By a scanning method, the image of circuit pattern region Pa of the reticle R is exposed 
by the corresponding shot region SAa on the wafer W. This scanning method is held by 
moving the wafer W to the plus direction which met the Y-axis with the constant speed Vw, 
while moving the reticle R in the minus direction which met the Y-axis at the fixed speed Vr, for 
example. At this time, in circuit pattern region Pa of the reticle R, the shape of the pulse 
illumination light IA for illuminating the reticle R is set as a parallel strip or a rectangle long and 
slender in the direction of X, as shown in drawing 2 . The both ends of the shape of the pulse 
illumination light IA which has countered mutually in the direction of X are positioned by cover 
belt SB. 

[0068]The partial pattern contained in the rectangle region of circuit pattern region Pa of the 
reticle R irradiated by the pulse illumination light IA, By 1 4 reduction-projection-lens system 
PL (the front group lens system LGa and the back group lens system LGb), image formation is 
carried out to the correspondence position in the shot region SAa of the wafer W as image SI. 
When relative scanning between circuit pattern region Pa on the reticle R and the shot region 
SAa on the wafer W is completed, only a fixed distance carries out 1 step moving of the wafer 
W in the direction of Y, for example.The starting position of scanning is set up to the shot 
region SAb contiguous to the shot region SAa by it. The lighting by the pulse illumination light 
IA has stopped during this stepping operation. 

[0069]Next, in order to expose the circuit pattern image of circuit pattern region Pa of the 
reticle R to the shot region SAb on the wafer W by a scanning method, the reticle R moves to 
the plus direction of a Y-axis with the constant speed Vr to the pulse illumination light IA. And 
the wafer W moves in the minus direction of a Y-axis with the constant speed Vw to projected 
image SI simultaneously. Velocity ratio Vw Vr is set as the reduction ratios 1 4 of 1 4 
reduction-projection-lens system PL. According to the above-mentioned schedule, the image 
of circuit pattern region Pa of the reticle R is exposed by two or more shot regions on the wafer 
W. 

[0070]The projection aligners shown in drawing 1 and drawing 2 are the following methods, 
and can be used as an aligner of a step and repeat system. Namely, if the diagonal line length 
of circuit pattern region Pa on the reticle R is smaller than the diameter of the circuit image 
vision field of 1 4 reduction-projection-lens system PL, The shape and size of an opening of a 
reticle blind in the illumination system 10 change, and the shape of the pulse illumination light 
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IA is in agreement with circuit pattern region Pa by it. In such a case, the reticle stage 14 and 
XY stage 34 are maintained by the state where it was relatively stood still while exposing each 
of the shot region on the wafer W. 

[0071]However, supposing the wafer W moves slightly between exposure, slight movement of 
the wafer W can be measured by the laser-interferometer system 33. The small error to which 
the position of the wafer W to 1 4 reduction-projection-lens system PL is equivalent can be 
negated by moving slightly under control in the reticle stage 14, and as a result carrying out 
flattery amendment by the reticle R side. For example, the system for such flattery amendment 
is indicated by JP,6-2041 15,A and JP,7-220998,A. The art indicated by these publications 
before examination can be used if needed. 

[0072]lf the shape and size of an opening of a reticle blind change, the pulse illumination light 
IA which reaches a reticle blind from a light source can be collected within limits adjusted to 
the adjusted opening by establishing a zoom lens system according to change of the shape of 
an opening, or size. 

[0073]The field of projected image SI as clearly shown in drawing 2 , From being set as strip 
shape or rectangular shape long and slender in the direction of X, tilt adjustment between 
scanning exposure can be performed, only by meeting the rolling directions to the direction 
which rotates a Y-axis as a center, i.e., the scanning exposure direction in this example. 
Supposing the width in the scanning direction of the projected image SI field is large needless 
to say to such an extent that it needs to take into consideration the influence of the flatness of 
a wafer surface to a scanning direction, tilt adjustment in a pitching direction will be performed 
between scanning exposure. This operation is explained more to details about other examples 
of the invention in this application. 

[0074]The focus detecting systems GDL, GDR, and GDC shown in drawing 1 are arranged, for 
example, as illustrated by drawing 3 . Drawing 3 is the perspective view showing arrangement 
of the detecting point of the focus detecting system on the flat surface in which circular image 
vision field CP is formed by the image side of 1 4 reduction-projection-lens system PL. 
Drawing 3 shows only arrangement of the focus detecting systems GDL and GDC. Focus 
detecting system GDR is omitted. It is because focus detecting system GDR is the same 
structure as the focus detecting system GDL. 

[0075]lf drawing 3 is referred to, focus detecting system GDC is provided with the two 
detectors GDC1 and GDC2. The detectors GDC1 and GDC2 are set up so that the detecting 
points (detection area) FC1 and FC2 may be positioned on the extension wire LLc elongated 
from the axis of image SI with which the rectangle was projected by the strip. Image SI on 
which the rectangle was projected by the strip is circular image vision field CP of 1 4 
reduction-projection-lens system PL, and is elongated to the diametral direction (the direction 
of X). These detectors GDC1 and GDC2 detect the amount of position errors of the Z direction 
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to the height position on top and the best focal plane position of the wafer W (or auxiliary plate 
part HRS). 

[0076]On the other hand, the focus detecting system GDL is provided with five detector GDA1, 
GDA2, GDB1, GDB2, and GDB3 in this example. Detector GDA1, GDA2, GDB1, GDB2, and 
GDB3 are provided with detecting point (detection area) FA1, FA2, FB1, FB2, and FB3, 
respectively. Detecting point FA1, FA2, FB1, FB2, and FB3 are positioned by the straight line 
LLa parallel to the extension wire LLc. These five each, detector GDA1, GDA2, GDB1, GDB2, 
and GDB3, detects the amount of position errors of the Z direction to the height position and 
the best focal plane position of a point in the upper surface of the wafer W (or auxiliary plate 
part HRS) independently. 

[0077]The extension wire LLc and the straight line LLa set constant distance to a scanning 
direction (the direction of Y) mutually, and are set as it. Detecting point FAof detector GDA1 1 
and detecting point FCof detector GDC11 are substantially set as the same coordinates 
position in the direction of X. On the other hand, detecting point FAof detector GDA2 2 and 
detecting point FCof detector GDC22 are substantially set as the same coordinates position in 
the direction of X. 

[0078]Three detector GDB1, GDB2 and detecting point FB1 of GDB3, FB2, and FB3 are 
arranged so that the field of image SI where the strip or the rectangle was projected may be 
covered in the direction of X. That is, detecting point FB2 is arranged at the X coordinate 
position corresponding to the center (point along which the optic axis AX passes) in the 
direction of X of the field of projected image SI. On the other hand, the detecting points FB1 
and FB3 are arranged at the X coordinate position corresponding to the position near in the 
direction of X of projected image SI both ends. Therefore, three detecting point FB1, FB2, 
and FB3 are used, and the focal error in the surface part of the wafer W corresponding to the 
projected image SI field can be predicted now. 

[0079]Focus detecting system GDR which is not illustrated by drawing 3 is also equipped with 
three prediction detector GDE1, GDE2 and GDE3, and other two detectors GDD1 and GDD2. 
The detectors GDD1 and GDD2 are arranged at the both sides of the direction of X of 
prediction detector GDE1, GDE2, and GDE3. In this example in order to explain simply, Two or 
more flat surfaces accepted by 12 detector GDA1, GDA2;GDB1, GDB2, DB3;GDC1, 
GDC2;GDD1, GDD2;GDE1, GDE2, and GDE3 as two or more best focal positions are 
assumed to be what is adjusted in one XY plane. That is, there is no offset on a system among 
12 detectors. The surface height position of the wafer W detected by 12 detecting point FA1, 
FA2;FB1, FB2, FB3;FC1, FC2;FD1, FD2;FE1, FE2, and FE3 is assumed to receive mutually 
and to approach mostly as a position from which the detected focal error becomes zero. 
[0080]lf the end of 1 4 reduction-projection-lens system PL is not dipped in a fluid, a photo 
sensor, an air micrometer type sensor, an electric capacity type gap (gap) sensor, etc. can be 
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used as 12 focus detectors mentioned above. However, if the projection system of the dipping 
type is formed, of course, an air micrometer type sensor cannot be used. 
f008n Drawing 4 is a block diagram of an example of the AF control unit 38 for processing the 
detecting signal (error signal) from the focus detecting systems GDL, GDR, and GDC shown in 
drawing 1 and drawing 3 . As shown in drawing 4 T he group of the detecting signal from five 
detector GDA1 of the prediction focus detecting system GDL, GDA2, GDB1, GDB2, and 
GDB3, One group of the groups of the detecting signal from five detector GDD1 of focus 
detecting system GDR, GDD2, GDE1, GDE2, and GDE3 is chosen by the switch circuit 50, 
and is supplied to a subsequent processing circuit. 

[0082]The switch circuit 50 answers switching signal SS1 supplied from the position 
supervisory circuit (position monitoring circuit) 52 (the result of distinction of a direction is 
expressed), and chooses the signal from one side of the focus detecting systems GDL and 
GDR. The position supervisory circuit 52 distinguishes one move direction of the scanning 
move direction of the wafer stage 34 from the move direction of another side based on the 
stage control information from the wafer stage controller 35. The position supervisory circuit 52 
is supervising change of the position which the wafer W moved from the prediction position to 
the exposure position. In the state by which it was shown in drawing 4 , the switch circuit 50 
has chosen five detecting signals from the focus detecting system GDL. 
[0083]The detecting signal from prediction detector GDB1 about an exposure region (projected 
image SI), GDB2, and GDB3 is supplied to the 1st computer 54 for calculating the amount of 
focal errors, and the amount of tilt errors. The 1st computer 54 supplies amount of focal errors 
deltaZf of the surface area of the wafer W read a priori by three detecting point FB1 , FB2, and 
FB3, and error data DT1 about amount of tilt errors deltaTx (delicate inclination centering on a 
Y-axis) and DT2 to the 2nd calculation and store circuit 56. 

[0084]On the other hand, the detectors GDA1 and GDA2 supply information 2A1 and 
information ZA2 to the 2nd calculation and store circuit 56. Information ZA1 expresses the 
height position (namely, focal gap) of the surface in detecting point FA1. Information ZA2 
expresses the height position (namely, focal gap) of the surface in detecting point FA2. 
Detection of information ZA1 and the information ZA is performed simultaneously with 
detection of the wafer surface by three detector GDB1 , GDB2, and GDB3. 
[0085]Based on the error data DT1 and DT2, the information ZA1 and ZA2, and the relative 
position relation between detectors, the 2nd calculation and store circuit 56, The desired 
values delta Z1 and delta Z2 of the height position of the wafer W which should be detected 
with the detecting points FC1 and FC2 of the detectors GDC1 and GDC2 set as the projection 
exposure position about the direction (scanning direction) of Y are calculated. The 2nd 
calculation and store circuit 56 memorize the calculated desired values delta Z1 and delta Z2 
temporarily. 
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[0086]The meaning of the desired values delta Z1 and delta Z2 is as follows. Namely, the 
wafer W (.) read a priori with the prediction detecting points FA1 and FA2 Or when the surface 
part of the annular auxiliary plate part HRS reaches the detecting points FC1 and FC2 in a 
corresponding exposure position, If information ZC1 and information ZC2 which were detected 
by the detectors GDC1 and GDC2 are equal to the desired values delta Z1 and delta Z2 
respectively, amount of focal errors deltaZf and amount of tilt errors deltaTx which are 
determined by prediction will become zero in an exposure position. 
[0087]Just before the field about the direction of Y on the predicted wafer arrives at the 
exposure position where projection image SI is exposed, the 2nd calculation and store circuit 
56 output the memorized desired values delta Z1 and delta Z2 to the 3rd calculation and drive 
circuit 58. 

[0088]Therefore, synchronizing with signal SS2 outputted from the position supervisory circuit 
52, the 2nd calculation and store circuit 56 output the signal showing the desired values delta 
Z1 and delta Z2 memorized temporarily to the 3rd calculation and drive circuit 58. After only 
the time determined look like the distance between the straight line LLa and the extension 
wire LLc in the direction of Y and the movement speed of the wafer W said signal showing 
the desired values delta Z1 and delta Z2 is delayed, it is outputted to the 3rd calculation and 
drive circuit 58. 

[0089]lf signal SS2 is outputted whenever the wafer W moves and only the distance 
corresponding to the width of projection image SI in a scanning direction is scanned, The 
distance in the direction of Y between the straight line LLa and the extension wire LLc which 
were shown in drawing 3 . The desired values delta Z1 and delta Z2 of the fixed group (for 
example, 5 sets) of a number corresponding to the number obtained by doing division of (for 
example, about 40 mm) by the width (about 8 mm) of projection image SI are memorized in the 
2nd calculation and store circuit 56. Therefore, the 2nd calculation and store circuit 56 function 
as a memory which memorizes the desired values delta Z1 and delta Z2 by the first-in first-out 
(FIFO) method. 

[0090]The 3rd calculation and drive circuit 58 answer signal SS3 from the position supervisory 
circuit 52, and read the detection information ZC1 and ZC2 about the height position of the 
surface of the wafer W (or annular auxiliary plate part HRS) detected by the detectors GDC1 
and GDC2. Immediately after that, the field on the wafer W detected in the prediction position 
reaches in an exposure position (position of projected image SI). 

[0091]Simultaneously, the 3rd calculation and drive circuit 58 read the data of the desired 
values (it corresponds to an exposure position) delta Z1 and delta Z2 outputted from the 2nd 
calculation and store circuit 56. And the 3rd calculation and drive circuit 58 determine the drive 
quantity (quantity of centering control, and quantity of speed regulation) corresponding to the 
Z-drive motors 32A, 32B, and 32C shown in drawing 1 by calculation based on the detection 
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information ZC1 and ZC2 and the desired values delta Z1 and delta Z2. Subsequently, the 3rd 
calculation and drive circuit 58 output the data of the determined drive quantity to the Z-drive 
motors 32A, 32B, and 32C. 

[0092]Almost all the components of drawing 4 are materialized by the microcontroller and 
microprocessor which execute the suitable program which can write by a person skilled in the 
art from a viewpoint of drawing 4 and which were programmed. 

[00931 Drawing 5 is a top view explaining the function of the annular auxiliary plate part HRS 
formed in the periphery of a wafer holder as shown in drawing 1 . In this example, all the 
detecting points of a focus detecting system, From being positioned by the outside of 
projection view field CP of 1 4 reduction-projection-lens system PL which was mentioned 
above. When carrying out scanning exposure of the shot region of shoes to be arranged 
among two or more shot regions SAn on the wafer W at the periphery of this wafer W, some 
focus detection points may be placed by the surrounding outside of the wafer W. 
[0094]For example, when scanning exposure of shot region SA1 of the wafer W positioned on 
the wafer holder WH using the notch PURIARAIMENTO notch (aligned a priori) NT of the 
circumference is carried out as shown in drawing 5 , Focus detection point FA1 (or FD1) in the 
end of the prediction focus detecting system GDL (or GDR) and detecting point FC1 of focus 
detecting system GDC of an exposure position are placed by the outside of the wafer W. In 
this case, it is usually difficult to perform focusing and tilt adjustment. 
[0095]The main functions of the annular auxiliary plate part HRS are making usual focusing 
and tilt motion possible in such a case. Detecting point FA1 (or FD1) and detecting point FC1 
which were placed by the outside of the wafer W are set up so that it may be positioned on the 
surface of the annular auxiliary plate part HRS, as shown in drawing 5 . Therefore, as for the 
height of the annular surface of the auxiliary plate part HRS, it is desirable that it is 
substantially equal to the height of the surface of the wafer W. 

[0096]When it explains more concretely, the surface of the wafer W and the surface of the 
annular auxiliary plate part HRS are in the detection range corresponding to detecting point 
FA1 (FA2), FC1 (FC2), and FD1 (FD2), and it receives mutually and is on the same flat 
surface. In the detection range, the linearity of the request of the focus detector corresponding 
to a detecting point is secured, the grade as the reflectance of a standard wafer (silicon) that 
the reflectance of the auxiliary plate part HRS is the same since it is used instead of 

the surface of the annular auxiliary plate part HRS being the surface of the wafer W or it has 
the same value. For example, as the annular auxiliary plate part HRS, the surface by which 
mirror finish was carried out is preferred. 

[0097](On the wafer holder WH) If the wafer W moves in the direction of the arrow shown in 
drawing 5 and is scanned, detecting point FA1 of the focus detecting system GDL, FA2;FB1, 
FB2, and FB3 will be chosen as a prediction sensor about shot region SA1. In this case, the 
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extension wire LLc corresponding to a center for the ability to set in the direction of Y of 
projection image SI, Set to DLa distance between the straight lines LLa by which the detecting 
point of the focus detecting system GDL is arranged, and if distance between the extension 
wire LLc and the straight line LLb by which the detecting point of focus detecting system GDR 
of another side is arranged is set to DLb, In this example, DLa and DLb are set up so that DLa 
may become almost equal to DLb. Time delay deltat concerning the focal prediction position 
on the wafer W arriving at an exposure position is deltat DLa Vw (second) from the speed Vw 
of the wafer W at the time of scanning exposure. Therefore, in the 2nd the calculation and 
store circuit 56 that were shown in drawing 4 , the time for memorizing temporarily the desired 
values delta Z1 and delta Z2 is equal substantially with time lag (time lag) deltat. 
[0098] However, it may be made to choose the distance DLa and the distance DLb according to 
the restrictions related to the structure of an aligner, so that DLa may not become equal to 
DLb. Needless to say, in such a case, the desired value deltaZI and the time delay of supply 
of deltaZ2 are set as different length about use of the prediction focus detecting system GDL, 
and use of prediction focus detecting system GDR. 

[0099] Focusing of the 1st example and the operation of tilt motion which were constituted as 
mentioned above are explained with reference to drawing 6 A thru/or drawing 6 D. Drawing 6 A 
shows in graph the state of the upper side surface of the annular auxiliary plate part HRS and 
the state of the upper side surface of the wafer W which were detected by the prediction focus 
detecting system GDL at a certain moment it is carrying out scanning exposure of 
circumference shot region SA1 of the wafer W as shown in drawing 5 ] of a between. 
[0100]ln drawing 6 A thru/or drawing 6 D, horizontal line BFP shows the optimal focal plane of 
1 / 4 reduction-projection-lens system PL. Detector GDB1 which detects the position in the Z 
direction of a wafer surface by detecting point FB1 in shot region SA1 outputs the detecting 
signal with which deltaZBI is expressed as an amount of Z position errors of the wafer surface 
over flat-surface BFP (an out-of-focus quantity, i.e., a defocusing amount). Similarly, the 
detectors GDB2 and GDB3 which detect the error of the position in the Z direction of a wafer 
surface with the detecting points FB2 and FB3 output the detecting signal showing the errors 
delta ZB2 and delta ZB3. If a wafer surface is below optimal focal plane BFP, each of these Z 
position error has a negative value. If a wafer surface is above optimal focal plane BFP, each 
of Z position error has a positive value. 

[0101]The value of these errors delta ZB1, delta ZB2, and delta ZB3 is inputted into the 1st the 
calculation and store circuit 54 that were shown in drawing 4 . The 1st calculation and store 
circuit 54 determine the parameter of the expression showing the approximate surface APP (in 
practice approximation straight lines) shown in drawing 6 B of the predicted whole portion in 
shot region SA1 by the least-squares method etc. based on these error values. The 
parameters determined by it are amount of focal errors deltaZf of the approximate surface 
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APP, and amount of tilt errors deltaTx, as shown in drawing 6 B. Thus, the value of calculated 
amount of focal errors deltaZf and amount of tilt errors deltaTx is outputted to the 2nd 
calculation and store circuit 56 as data DT1 and data DT2. In this example, amount of focal 
errors deltaZf is calculated as a substantial error in the central point in the direction of X of shot 
region SA1 (it corresponds to detecting point FB2). 

[0102]As detector GDB1, GDB2, and GDB3 are mentioned above, when Z position error is 
detected, the detectors GDA1 and GDA2, The Z position errors delta ZA1 and delta ZA2 of a 
wafer surface or the surface of the annular auxiliary plate part HRS over the optimal focal 
plane in the detecting points FA1 and FA2 are detected simultaneously. These errors delta 
ZA1 and delta ZA2 are memorized temporarily in the 2nd calculation and store circuit 56. 
[0103]Supposing the approximate surface APP as shown in drawing 6 B immediately after this 
detection and memory is amended so that it may be in agreement with optimal focal plane BFP 
as shown in drawing 6 C, Namely, supposing the wafer holder WH is adjusted in a Z direction 
and the direction of tilt motion so that it may be set to amount of tilt errors deltaTx 0 so that it 
may be set to amount of focal errors deltaZf 0 and, The 2nd calculation and store circuit 56 
The data DT1 and DT2 (error amounts delta Zf and delta Tx), The Z position errors delta ZA1 
and delta ZA2 actually measured with the detecting points FA1 and FA2, Based on distance 
DS in the direction of X between each of the central point of a shot region, and the detecting 
points FA1 and FA2, Z position target value deltaZI which should be detected by detecting 
point FA1, and Z position target value deltaZ2 which should be detected by detecting point 
FA2 are calculated. Calculated Z position target values delta Z1 and delta Z2 are temporarily 
memorized in the 2nd calculation and store circuit 56 until the predicted field on the wafer W 
arrives at the field of projection image SI (exposure position). 

[0104]When the predicted field on the wafer W arrives at an exposure position, in order that 
the 3rd the calculation and drive circuit 58 that were shown in drawing 4 may detect Z position 
error in the detecting points FC1 and FC2, the detecting signal from the detectors GDC1 and 
GDC2 is read. For example, if the predicted field on the wafer W is in the state where it was 
shown in drawing 6 D just before arriving at an exposure position, detector GDC1 will output 
detecting-signal ZC1 showing Z position error of detecting point FC1. On the other hand, 
detector GDC2 outputs detecting-signal ZC2 showing Z position error of detecting point FC2. 
[0105]Subsequently, the value of the detecting signals ZC1 and ZC2 which are supplied from 
the detectors GDC1 and GDC2 in the 3rd calculation and drive circuit 58, So that it may 
become equal to Z position target values delta Z1 and delta Z2 which are delayed and are 
supplied from the 2nd calculation and store circuit 56, respectively, In a Z direction, the three 
Z-actuators 32A and 32B required a tilt and or in order to carry out translation motion, and the 
drive quantity for 32C are calculated for the wafer holder WH. The 3rd calculation and drive 
circuit 58 supply the signal corresponding to said calculated drive quantity to the Z-actuators 
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32A, 32B, and 32C. 

[0106]Shot region SA1 of the upper surface of the wafer W is an exposure position, and it is 
correctly adjusted by it so that it may be in agreement with optimal focal plane BFP. As a 
result, projection image SI of the pattern of the reticle R which should be maintained by the 
optimal image formation state is exposed in the scanning mode of a shot region. 
[0107]Between this operation in the 1st example, each detector in the prediction focus 
detecting system GDL, and each detector in exposure position focus detecting system GDC, 
the flume which does not have a focal error when the surface of the wafer W or the surface of 
the annular auxiliary plate part HRS is in agreement with optimal focal plane BFP - things are 
shown - it is set up carry out a detecting-signal output (proofreading). However, it is difficult to 
set a detector as such a state strictly. The detection offset between the detectors GDA1 and 
GDA2 (GDD1 and GDD2) in the prediction focus detecting system GDL (GDR) and the 
exposure position focus detectors GDC1 and GDC2 makes the pattern image formed in the 
wafer W for exposure, as for a focus, cause a gap uniformly especially. 
[0108]Therefore, the height position in the Z direction from which detector GDC1 detects the 
focal error of zero, Detector GDA1 (GDD1) the offset value between the height positions in the 
Z direction which detects the focal error of zero, It may be made to measure and memorize by 
performing focus detection simultaneously with these detectors on the surface of the reflective 
glass plate (namely, reference plate) provided in the wafer holder WH where display flatness is 
very high. This surface can be made into other structures of a different body in the structure 
HRS or the structure HRS. As a result, when the Z-actuators 32A, 32B, and 32C drive based 
on Z position error detected by the exposure position focus detectors GDC1 and GDC2, the 
memorized offset value can amend. 

[0109]The structure of the focus concerning the 2nd example of the invention in this application 
and a tilt sensor is explained with reference to drawing 7 and drawing 8 below. About the 2nd 
example, projection image SI contained in the circular view of 1 4 reduction-projection-lens 
system PL was comparatively alike in the direction (scanning direction) of Y, is provided with 
the big maximum width, and by it. The situation where it should be necessary to take the 
influence of pitching (pitch) of the tilt to the direction of Y of the surface of the wafer W, i.e., 
influence, into consideration is assumed. 

[01 10]Exposure position focus detector GDC1 (not shown) is provided, and exposure position 
focus detector GDC1 is provided with two detecting point FC1a and FC1b as shown in drawing 
7. Detecting point FC1a and FC1b are symmetrically arranged considering the extension wire 
LLc as a center in the direction of Y above projection image SI. And another exposure position 
focus detector GDC2 (not shown) is provided. Exposure position focus detector GDC2 is 
provided with two detecting point FC2a and FC2bs. Detecting point FC2a and FC2b are 
symmetrically arranged considering the extension wire LLc as a center in the direction of Y 
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below projection image SI. Prediction focus detector GDA1 and prediction focus detector 
GDA2 (not shown) are provided. Prediction focus detector GDA1 is provided with two detecting 
point FA1a and FA1b. Detecting point FA1a and FA1b are symmetrically arranged considering 
the straight line LLa as a center in the direction of Y. Prediction focus detector GDA2 is 
provided with two detecting point FA2a and FA2bs.Detecting point FA2a and FA2b are 
symmetrically arranged considering the straight line LLa as a center in the direction of Y. 
Similarly, prediction focus detector GDD1 (not shown) and prediction focus detector GDD2 (not 
shown) are provided. Prediction focus detector GDD1 is provided with two detecting point 
FD1a and FD1b. Detecting point FD1a and FD1b are symmetrically arranged considering the 
straight line LLb as a center in the direction of Y. Prediction focus detector GDD2 is provided 
with two detecting point FD2a and FD2bs. Detecting point FD2a and FD2b are symmetrically 
arranged considering the straight line LLb as a center in the direction of Y. 
[01 11]The prediction focus detector (n= 1, 2, 3) (not shown) GDBn and the prediction focus 
detector (n= 1, 2, 3) (not shown) GDEn are formed again. The prediction focus detector GDBn 
is provided with two or more pairs of detecting point FB1a and FB1 b;FB 2a, FB2b;FB3a, and 
FB3b. The prediction focus detector GDEn is provided with two or more pairs of detecting point 
FE1a and FE1 b;FE 2a, FE2b;FE3a, and FE3b. The detecting point of each set separates from 
each other in the direction of Y, opens a fixed interval and is formed. 

[01 12]The focus detecting system shown in drawing 7 is the same method as the 1st example 
mentioned above, In the detecting point of the off-axis detectors GDC1 and GDC2, an 
adjusting amount (namely, desired values delta Z1 and delta Z2) required in order to amend 
the shape of surface type of each predicted shot region (namely, error amounts delta Zf and 
delta Tx) is reproduced. A focus in by it the Z direction of an exposure region and the tilt 
adjustment in the direction (rolling directions, i.e., the rolling direction) of X are possible. 
[01 13]ln this example, the prediction focus detecting system GDL (GDR) and exposure 
position focus detecting system GDC, From having two or more pairs of detecting points 
(FAna, FAnb;FBna, FBnb;FCna, FCnb;FDna, FDnb;FEna, and FEnb) with which only constant 
distance opened the interval and was established in the direction of Y. Amount of tilt errors 
deltaTy of the predicted shot region in a pitching direction, Are detectable from the difference 
between Z position errors in the detecting point (... na, ... nb) which forms two or more pairs in 
the direction of Y, An adjusting amount (namely, desired values delta ZA1 and delta ZA2) 
required to amend the shape of surface type of the shot region containing amount of tilt errors 
deltaTy is renewable with the detecting point (FCna and FCnb) of the off-axis detectors GDC1 
and GDC2. 

[01 14]Detector GDB1, GDB2, and GDB3 for detecting a focal position by detecting point FB1 
shown in drawing 3 , FB2, and FB3 are arranged as a system which carried out mutually- 
independent by fixing to the lower part of 1 4 reduction-projection-lens system PL. However, 
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these three detector GDB1, GDB2, and GDB3 can let a common objective lens system pass, 
and they can constitute it so that a focal position may be detected by detecting point FB1, FB2, 
and FB3. at least The same thing can be said also about the group of three detector GDE1 
for detecting a focal position by detecting point FB1 shown in drawing 5 , FB2, and FB3, GDE2, 
and GDE3. 

[01 15]About the group of six detectors who detects a focal position by six detecting point FBna 
(s) and FBnb (n 1,2, 3) which were shown in drawing 7 , Or an objective lens system 
common for the same purpose may be used about other groups of six detectors who detect a 
focal position by six detecting point FEna(s) and FEnb (n 1,2, 3). Therefore, two or more 
detecting points explain briefly the composition which uses the common objective lens system 
for detectors which detects a focal position with reference to drawing 8 . 
r01161 Drawing 8 is an abbreviated side view position-related [ between the projection lens and 
detector which were seen in the direction of Y by drawing 7 ] . The detector supports six 
detecting point FBna(s) and FBnb (n 1,2, 3) which were shown in drawing 7 , four detecting 
point FA1a and FA1b, FA2a, and FA2b. Therefore, the scanning direction of the wafer W in 
drawing 8 aims to intersect perpendicularly to the flat surface of the drawing 8 concerned. Five 
detecting point FA1a arranged in the direction of X at the single tier in the position of the 
leftmost of drawing 7 , FBna (n 1,2, 3), and FA2a are represented and shown in drawing 8 . 
Detecting point FA1 b, FBnb (n 1,2, 3), and FA2b of another sequence adjoin five (setting in 
the direction which intersects perpendicularly to the space of drawing 8 ) detecting point FA1a 
and FBna(s) (n 1,2, 3), and FA2a. In this example, the focal position in these ten detecting 
points is detected by an objective lens system. 

[01 17]The illumination light ILF from the illumination-light study system 80A containing light 
sources (for example, a light emitting diode, a laser diode, a halogen lamp, etc.) is emitted 
through each of ten small slits formed in the multi-slits plate 81 A as shown in drawing 8 . Said 
light source can emit light of the wavelength area which the regist layer on the wafer W does 
not expose. Ten small slits are arranged corresponding to ten detecting point FBna, FBnb (n 
1, 2, 3), FA1a, FA1b and FA2a which were set as the wafer W, and FA2b. The transmitted light 
of a small slit passes along the lens system 82A and the reflector 83A, and enters into the 
object lens 84A of a projection system. And only a desired angle is deflected by the prism 85A, 
and a slit image is formed in each detecting point. 

[01 18]The illumination-light study system 80A, the multi-slits plate 81 A, the lens system 82A, 
the reflector 83A, the object lens 84A, and the prism 85A constitute the projection system of an 
oblique incidence light type focus detection unit. The solid line of the optical path ranging from 
the multi-slits plate 81 A to the wafer W shown in drawing 8 , The chief ray of the light 
transmitted from the small slit is expressed, and the dotted line in an optical path expresses 
with detecting point FB2a (or FB2b) the typical image formation beam of light SLf of the small 
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slit image formation light by which image formation is carried out. 

[01 19]The catoptric light of the small slit image formation light reflected with each detecting 
point on the wafer W passes along the prism 85B, the object lens 84B, the reflector 83B, and 
the lens system 82B, and image formation is again carried out with the light-receiving slit plate 
81 B. The prism 85B, the object lens 84B, the reflector 83B, and the lens system 82B are 
arranged in general symmetrically to said projection system. Ten small slits for light-receiving 
arranged corresponding to said small slit provided in the projection multi-slits plate 81 A are 
formed in the light-receiving slit plate 81 B. The light which transmitted the small slit for these 
light-receiving is received by the light-receiving device 80B. The light-receiving device 80B 
serves as two or more photoelectric detection elements. 

[0120]As two or more photoelectric detection elements of the light-receiving device 80B, ten 
photoelectric detection elements are provided corresponding to the position of the small slit of 
the light-receiving slit plate 81 B so that the focal position in the detecting point on a wafer can 
be detected separately. The light-receiving device 80B, the light-receiving slit plate 81 B, the 
lens system 82B, the reflector 83B, the object lens 84B, and the prism 85B constitute the light- 
receiving system of an oblique incidence light type focus detection unit. The solid line of the 
optical path which faces to the light-receiving slit plate 81 B from the wafer W shown in drawing 
8_expresses the chief ray of the small slit usually reflected by the target with the wafer W. The 
dotted line in an optical path expresses the typical image formation beam of light RSf which 
faces to the light-receiving slit plate 81 B from detecting point FB2a (or FB2b). 
[0121]The projection system and light-receiving system which were shown in drawing 8 are 
attached to the metal members formed in one. The position of a component receives mutually 
and is correctly maintained by it. Metal members are being fixed so that it may not move to the 
lens barrel (body tube) of 1 / 4 reduction-projection-lens system PL. Another focus detection 
unit which comprised same method, It is arranged in the opposite hand of 1 4 reduction- 
projection-lens system PL, and a focal position can be separately detected now with ten 
detecting point FEna, FEnb (n= 1, 2, 3), FD1a, FD2a and FD1b which were shown in dr awing 
7, and FD2b. 

[0122]About detecting point FC1a of said couple and FC1b which were shown in drawing 7 , 
and detecting point FC2a of said couple and FC2b, It may be made to provide the focus 
detection unit of the oblique incidence light type which has each of the projection system 
arranged in the direction (direction which intersects perpendicularly to the space of drawing 8 ) 
°f Y of drawing 7 , and a light-receiving system in the both sides in the direction of X of 1 4 
reduction-projection-lens system PL. As the focus detection point was shown in drawing 5 , 
when it has been arranged, the focus detection unit of the oblique incidence light type shown in 
drawing 8 can be applied similarly. 

[0123]Next, the scanning aligner to which automatic-focusing doubling / tilt control system of 
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the invention in this application are applied is explained according to the 3rd example of the 
invention in this application with reference to drawing 9 . This example is applicable to the 
scanning aligner for substrates which has a big substrate of 300 mm, for example, a diameter, 
or a diameter beyond it. Said scanning aligner is provided with 1X projection optical system 
(namely, 1 time). Said projection optical system of 1X is formed in the combination (it stood in 
a line perpendicularly) of the tandem type of a 1st-step Dyson (Dyson) type projection imaging 
(KADADIOPUTORIKKU (reflective refraction)) system and a 2nd-step Dyson (Dyson) type 
projection imaging system. A 1st-step DAISON type (KADADIOPUTORIKKU) projection 
imaging system is provided with the following. 
The prism mirrors PM1 and PM2 of a couple. 
Lens system PL1. 
Concave mirror MR1. 

A 2nd-step DAISON type projection imaging system is provided with the following. 
The prism mirrors PM3 and PM4 of a couple. 
Lens system PL2. 
Concave mirror MR2. 

Such an aligner is indicated by United States patent (given to Swanson etc.) 5th and No. 298 
or 939, for example. 

[0124]ln the aligner shown in drawing 9 , the mask M provided as an original plate and the plate 
P provided as a photosensitive substrate are supported by the carriage 100 in one. By moving 
illumination-light IL so that it may see by drawing 9 to the projection view field of the projection 
optical system of 1X (single magnification), and the carriage 100 may be moved to the left or 
the right and the mask M and the plate P may be scanned (scan), The pattern provided in the 
mask M is transferred by the plate P as an erect image of 1X (single magnification). 
[0125]ln the case of the projection optical system for this type of aligners, by making the 
interval of the entrance plane of prism mirror PM1 , and the surface of the mask M, and the 
interval of the emission face of prism mirror PM4, and the upper surface of the plate P into the 
minimum, It is desirable to decrease aggravation of image formation performance (various 
aberration and image distortion (image distortion)). If it puts in another way, and these intervals 
can fully be decreased, the design of the lens systems PL1 and PL2 arranged on optic-axis 
AX1 and AX2 will become easy. Therefore, in order to attain desired image formation 
performance, it is required to decrease prism mirror PM1, the interval between the masks M, 
and prism mirror PM4 and the interval between the plates P. 

[0126]ln consideration of this state, carry out focusing of the pattern image projected by this 
projection, and in order to carry out tilt adjustment of a pattern image, Exposure position off- 
axis type focus detecting system GDC and the prediction focus detecting systems GDL and 
GDR like the 1st example ( drawing 3 ) or the 2nd example ( drawing 7 , drawing 8 ), As shown in 
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drawing 9 , it is provided in the circumference of prism mirror PM4, and the surface of the plate 
P and optimal focal plane BFP can be correctly coincided in the exposure position just under 
prism mirror PM4 by moving the plate P to a Z direction and tilting directions slightly by this. 
[0127]As shown in drawing 9 , prediction focus detecting system GDL' and GDR\ and exposure 
position off-axis type focus detecting system GDC 1 can be arranged around prism mirror PM1 
by the mask M side so that the mask M may be faced. A slight gap in the focal error and tilt 
error of a field of the mask M which are illuminated by illumination-light IL to prism mirror PM1 
by these focus detecting systems can be detected, and it can come, simultaneously / a Z 
direction ] (focal gap of the image surface), A tilt gap (inclination to the image surface) of the 
optimal focal plane (namely, conjugate side of the reticle R) formed in the part which separated 
only predetermined working distance from prism mirror PM4 can be measured. 
[0128]Therefore, in the aligner shown in drawing 9 , it can adjust so that the image surface 
where image formation of the pattern of the mask M is projected and carried out by the 
projection optical system in the optimal state, and the surface of the plate P may receive 
mutually with high precision and may be in agreement during scanning exposure. 
[0129]The aligner shown in drawing 9 can be constituted so that the mask M and the plate P 
may be set up perpendicularly. Drawing 10 is a perspective view of a typical structure of a 
scanning aligner. This scanning aligner was provided perpendicularly, namely, is provided with 
the carriage of every length. The carriage of every length holds the mask M and the plate P 
perpendicularly (namely, longitudinally), and moves the mask M and the plate P in one to a 
projection optical system, and it enables it to scan it (namely, scan). The scanning aligner 
which has the mask M and the plate P which were perpendicularly held in this mode is 
indicated by JP,8-162401,A, for example. 

[0130]Reference of drawing 10 constitutes the whole scanning aligner of the type on the fixed 
base 120A every length. The fixed base 120A is arranged at the floor provided with the 
vibration isolation which intervened between four corner parts of the fixed base 120A, and 
floors. The side frame parts 121 A and 121 B are formed in the side part of the fixed base 120A 
so that it may set up perpendicularly (the direction of X). The mask M is formed inside the side 
frame part 121 A. On the other hand, the plate P is formed inside the side frame part 121 B. 
Therefore, the opening is formed in the side frame part 121 A. The end of the lighting unit 122 
is inserted in this opening of the side frame part 121 A like a graphic display. The lighting unit 
122 is provided with the optical system which illuminates the mask M by the illumination light 
for exposure, and performs alignment with a mask and a plate. 

[0131]The guide base part 123 is formed in the fixed base 120A so that it may elongate to a 
scanning direction (the direction of Y) among the side frame parts 121 A and 121B. The two 
straight guide rails 123A and 123B are formed in the guide base part 123 so that it may 
elongate in the parallel direction of Y mutually. Every length, the carriage 125 is supported by 
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the fluid bearing and the magnetic floating type bearing on the guide rail 123A and 123B so 
that reciprocation moving can be carried out in the direction of Y. The carriage 125 is driven in 
the direction of Y every length at a noncontact type with the two linear motors 124A and 124B 
arranged in parallel. The linear motors 124A and 124B are provided with the stator fixed to the 
guide base part 123. 

[0132]The carriage 125 is provided with the mask side carriage part 125A and the plate side 
carriage part 125B every length. The mask side carriage part 125A is perpendicularly formed 
by the inside of the side frame part 121 A, in order to hold the mask M. The plate side carriage 
part 125B is perpendicularly formed by the inside of the side frame part 121 B, in order to hold 
the plate P. The mask table 126A is formed in the mask side carriage part 125A. Holding the 
mask M, the mask table 126A can move the mask M in the direction of X, or the direction of Y 
slightly in an XY plane, or can move the mask M in the rotation (theta) direction slightly. The 
mask table 126A can move the mask M to a Z direction slightly, holding the mask M. On the 
other hand, the plate stage 126B is established in the plate side carriage part 125B. Holding 
the plate P, the plate stage 126B can move the plate P in the direction of X, or the direction of 
Y slightly in an XY plane, or can move the plate P in the rotation (theta) direction slightly. The 
mask table 126A can move the plate P to a Z direction slightly, holding the plate P. 
[0133]Projection optical system PL which is indicated by JP,8-162401,A mentioned above is 
used in this example. Projection optical system PL is constituted by arranging the 1X (1 time) 
erect-image type (for example, 7 sets) double DAISON (Dyson) system of two or more sets in 
the direction which intersects perpendicularly in the direction of X. Within the casing, two or 
more sets of double DAISON (Dyson) systems are together put in one, and are 
accommodated. The casing serves as about T type, seeing at XZ flat surface. Projection 
optical system PL constituted in this way is attached by hanging from the upper edge of the 
side frame parts 121 A and 121 B which countered. The predetermined test working distance of 
the mask M and the plate P is maintained by it. 

[0134]ln as shown in drawing 9 ] all the casings of projection optical system PL, It is provided 
in the mask M side so that focus detecting system GDC, GDL', and GDR' by the side of the 
mask M may face the mask M, and it is provided in the plate P side so that the focus detecting 
systems GDC, GDL, and GDR by the side of the plate P may face the plate P. The prediction 
focus detecting system GDL, GDL\ and the detecting point demarcated by GDR and GDR r can 
be set up it be in agreement with the projection view field of two or more sets of double 
DAISON (Dyson) systems, or can be arranged at the predetermined intervals irrespective of 
arrangement of a projection view field. 

[0135] Drawing 11 is a perspective view of an example of focus detecting system GDC 1 by the 
side of the mask M provided in the casing of projection optical system PL shown in drawing 10 , 
and the layout of the detector of GDL 1 and GDR'. projection view field DF1 effective of two or 
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more sets of double DAISON (Dyson) systems, DF2, DF3, DF4, and DF5 is set up in the 

direction of X which intersects perpendicularly with a scanning direction as a field of long and 
slender trapezoidal shape. The projection view field DFn (n 1,2,3 ...) of trapezoidal shape is 
arranged so that the projection view field of the trapezoidal shape of a pair of double DAISON 
(Dyson) system which each adjoins may see in the direction of X and only the inclination side 
may lap mutually. 

[0136]Although only the projection view field DFn established in the mask M side is illustrated 
by drawing 11 , the projection view field by the side of the plate P is arranged similarly. For 
example, projection view field DF2 shown in drawing 11 is demarcated by the double DAISON 
(Dyson) system containing two concave mirror MR2a and MR2bs as shown in drawing 9 . 
Projection view field DF4 is demarcated by the double DAISON (Dyson) system containing two 
concave mirror MR4a and MR4b. 

[01 37]it was shown in drawing 1 1 ~ as - the prediction focus detecting system GDL - 
'detector GDA1 of \ and GDB1*GDB2 -- with GDA2' (GDA2' is not shown in drawing 11 ). 
prediction focus detecting system GDR 'detector GDD1 of and GDE1'GDE2 
GDD2 1 (GDD2 1 is not shown in drawing 11) are arranged at the both sides (they are a front 
side and the backside to a scanning direction) of two or more projection view fields DFn. 
Exposure position focus detector GDC1' and GDC2' ( drawing 1 1 is not [ detector GDC2' 
shown) are arranged to the both ends of the array (arrangement) of two or more whole 
projection view fields DFn which can be set in the direction of X which intersects 
perpendicularly to a scanning direction. 

[0138]Each of the focus detector mentioned above serves as an air micrometer type static 
electricity gap sensor, for example. Each of the focus detector mentioned above can also be 
instead used as an oblique incidence light type focus detector. Although only the focus 
detector which detects with the mask M is illustrated by drawing 11 , two or more detectors are 
arranged in a similar manner at the focus detecting systems GDC, GDL, and GDR so that the 
plate P can be detected. 

[0139]The controllers KD1 and KD2 for which adjusts the various optical characteristics of 
two or more sets of double DAISON (Dyson) systems carrying out are formed in the side part 
of the casing of projection optical system PL shown in drawing 1 1 . Therefore, supposing the 
position of the optimal focal plane by the side of the mask M or the plate P changes with 
optical characteristic regulation in the Z direction of drawing 1 1 , The mechanism, i.e., the 
mechanism in which the mechanical (it is optical) focal offset detected as optimal focal plane 
by each focus detector is set up, in which a Z direction position is adjusted is formed. 
[0140]This mechanism can use the position of the focus detector in a Z direction as the 
mechanism adjusted mechanically, for example so that the length of an optical path may be 
changed optically. Or this mechanism can use the position evaluated as optimal focal position 
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as the mechanism optically adjusted to a Z direction with a focus detector, for example so that 
the length of an optical path may be changed optically. Instead, a mask or a plate is 
automatically adjusted so that focusing can be performed to a Z direction according to the 
detecting signal showing a focal error. And offset is added to the moved position in a Z 
direction. 

[0141]Next, the 4th example in connection with the invention in this application is described 
with reference to drawing 12 . This example is applicable to the device which performs 
projection exposure, dipping the projection end of projection lens system PL in a fluid, as 
mentioned above. Drawing 12 is a sectional view of the portion from the end of projection lens 
system PL to the wafer holder WH among said devices. 

[01 42] Positive lens element LE1 provided with the flat undersurface Pe and the convex upper 
surface ] is being fixed to the end of projection lens system PL inside a lens barrel (body tube). 
The undersurface Pe of this positive lens element LE1 is finish-machined so that it may 
become the end face at the very end of a lens barrel, and the same flat surface. As a result, 
disorder of the flow of fluid LQ is the minimum. The detector which becomes a lens barrel end 
of projection lens system PL dipped in fluid LQ from the same prediction focus detecting 
systems GDL and GDR and exposure position focus detecting system GDC as what was 
shown in drawing 1 is attached. As a result, the end of those very ends is dipped in fluid LQ. 
[0143]Two or more attraction faces 113 which draw the rear face of the wafer W by vacuum 
suction are formed in the central inner bottom of the wafer holder WH. If it explains more 
concretely, the attraction face 1 13 is provided with two or more band-like circular lands. The 
height of the band-like circular land is about 1 mm. A band-like circular land has a 
predetermined pitch in the diametral direction of the wafer W, and is mutually formed in it 
concentrically. Each of the slot formed in the center portion of a circular land is open for free 
passage in the pipe 1 12 of the wafer holder WH. The pipe 1 12 is connected to the vacuum 
source which performs vacuum suction. 

[0144]The undersurface Pe of positive lens element LE1 which is in the end of projection lens 
system PL in this example, and the upper surface (.) of the wafer W in punctate optimal Or 
the interval between the upper surfaces of the auxiliary plate part HRS (substantial test 
working distance), i.e., the thickness of fluid LQ in which a projection optical path is formed, is 
set to 5 mm or less than it. therefore, the depth Hq of fluid LQ filled by the wafer holder WH - 
this thickness (5 mm or less than it) - twice - or it can enlarge several times. And the height of 
the wall LB formed at right angles to the circumference end of the wafer holder WH is about 10 
mm thru/or 25 mm. Therefore, in this example, the total volume of fluid LQ which the thickness 
of fluid LQ in the image formation optical path corresponding to the working distance of 
projection lens system PL decreased, and was filled by the wafer holder WH as a result 
becomes smaller, and the temperature control of a fluid [LQ is easier for it. 
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[0145]ln the field of fluid LQ in which a projection optical path is formed, when exposing light 
passes through the field, lighting energy is absorbed, as a result, radiant heat change is alike 
and takes place easily. If the depth Hq of fluid LQ is small, the rise in heat by such radiant heat 
change will arise easily, and the adverse effect that the stability of temperature control 
decreases will arise. In such a case, in order to set and to vanish the influence of the radiant 
heat change in an extensive liquid layer, a good effect can be acquired by setting the value of 
the depth Hq of fluid LQ to working distance several times the value of being substantial. 
[0146]ln order to form the focus detecting systems GDL, GDR, and GDC in the projection 
system of a dipping type as shown in drawing 12 as a detection system optical type, The 
projection beam (light flux) which enters into the surface of the wafer W or the surface of the 
auxiliary plate part HRS aslant, and the beam reflected from this surface have prevented 
crossing the interface between fluid LQ and air. Therefore, an example of a focus a tilt 
detection system suitable for a projection type such dipping-type ] aligner is explained with 
reference to drawing 13 . 

[0147] Drawing 13 shows the composition of the focus detecting system GDL arranged near 
projection lens system PL. Other focus detecting systems GDR and GDC are constituted the 
same with the focus detecting system GDL being constituted. In drawing 13 , the same 
component as the component shown in drawing 12 is shown by the same reference mark and 
the reference number. 

[0148]Reference of drawing 13 is fixing the prism mirror 200 formed by the glass block near 
the periphery of projection lens system PL. The prism mirror 200 is provided with the lower 
part, and the lower part is dipped in fluid LQ. The prism mirror 200 is provided with the 
reflectors 200a and 200b. A part of reflectors 200a and 200b are dipped in fluid LQ. The prism 
mirror 200 is provided with the flat faces 200c and 200d again. The beam projected and the 
beam reflected pass along the flat faces 200c and 200d, and progresses into fluid LQ from the 
glass of the prism mirror 200, or progresses into glass from fluid LQ. The prism mirror 200 is 
provided with the flat upper surface again. 

[0149]The multi-slits plate 205 lets a condenser lens or the cylindrical shape lens 203 pass, 
and is illuminated in optical (it has wavelength which does not have actinism to resist on wafer 
W) LK from the light source 202 like a light emitting diode (LED) or a laser diode (LD). Of this, 
the projection beam a focus for tilt detection is formed. Two or more penetration slits 
corresponding to the detecting points (field) FAn and FBn of the focus detecting system GDL 
are formed in the multi-slits plate 205. It is reflected by the beam splitter 207, and the light from 
each penetration slit enters into the object lens 209, and is converged as an image formation 
beam which forms a slit image in the upper surface of the wafer W. 

[0150]The image formation beam which came out of the object lens 209 goes into the prism 
mirror 200 through the upper bed side of the prism mirror 200, It reflects like usual according to 
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the reflector 200a, goes into fluid LQ through the flat face 200c, and enters into the surface of 
the wafer W from across, and the wafer W is illuminated by this, wafer W be alike - the ****** 
(ed) beam goes into the prism mirror 200 through 200 d of flat faces of an opposite hand, 
according to the reflector 200b, through the upper bed side of the prism mirror 200, it is 
reflected like usual, and comes out of the prism mirror 200, and progresses. This reflected 
optical beam passes the object lens 211, and is reflected by the reflective mirror 213 arranged 
at the pupil position of the object lens 21 1 . 

[0151]The beam reflected by the reflective mirror 213 goes to a counter direction through the 
object lens 211, progresses through the reflector 200b and 200 d of flat faces of the prism 
mirror 200, and illuminates the wafer W again. With the wafer W, it progresses through the flat 
face 200c and the reflector 200a of the prism mirror 200, and the optical beam reflected again 
passes the beam splitter 207, and enters into the photoelectric detector 215. The photoelectric 
detector 215 serves as two or more elements which receive the light corresponding to the 
multi-slits plate 205. The photoelectric detector 215 outputs independently the detecting signal 
about the detecting points FAn and FBn, respectively. 

[0152]Therefore, the focus / tilt detection system shown in drawing 13 are arranged as a 
double path system in which the projection beam reflected by the wafer W is re-reflected by 
the wafer W. Therefore, its focus tilt detection system can be provided with higher sensitivity 
about error detection of the surface position of the wafer W in a Z direction as compared with 
single optical path systems. 

[0153]ln this example, the glass block (prism mirror 200) is provided in the very end of the 
focus / a tilt detection system, and that glass block is positioned so that that part may be 
dipped in fluid LQ.As a result, a projection beam and a reflective beam do not pass what kind 
of interface between fluid LQ and air. Therefore, thereby, the optical path of the stable beam is 
established. The effective length of the optical path of fluid LQ which a projection beam or a 
reflective beam passes can avoid the fall of accuracy by the temperature change of fluid LQ, 
when decreasing by the prism mirror 200 and measuring Z position by it. 
[0154]The example of change of the structure of the wafer holder WH shown in drawing 1 and 
drawing 5 is explained with reference to drawing 14 and drawing 15 . Drawing 14 is a sectional 
view of the wafer holder WH attached to the projection aligner which exposes a dipping type. 
In this example, Z-drive unit 220 in which slight movement regulation like a piezoelectric 
element is possible is formed. Z-drive unit 220 can move slightly the auxiliary plate part HRS 
surrounding the attraction face 1 13 which supports the wafer W. Z-drive unit 220 in which 
slight movement regulation is possible moves the auxiliary plate part HRS to a Z direction only 
Stoke with a divisor of 10 micrometers. 

[0155]lf the difference between the height of the surface of the wafer W provided on the 
attraction face 1 13 of the wafer holder WH and the height in the Z direction of the surface of 
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the auxiliary plate part HRS is larger than tolerance, This Z-drive unit 220 can be used, the 
height of the surface of the auxiliary plate part HRS can be amended, and said difference can 
be decreased to a value smaller than said tolerance. 

[0156]As mentioned above with reference to drawing 5 , the surface of the auxiliary plate part 
HRS, When shot region SA1 of the periphery of the wafer W is exposed, it is functioning as an 
alternative detection surface of focus detection point FA1 (or FA2) provided in the outside of 
the wafer W, FC1 (or FC2), and FD1 (or FD2) business. However, when shot region SA2 
inside the wafer W (refer to drawing 5 ) is exposed, these focus detection points are positioned 
on the wafer W. Focus detector GDA1 which has a detecting point which is not 
monopolistically positioned on [ one ] the surface of the auxiliary plate part HRS and the 
surface of the wafer W, GDA2, GDC1 , GDC2, GDD1 , and GDD2, therefore, Z position must 
be correctly measured on [ each ] these surfaces. That is, the position in the Z direction of the 
surface of the auxiliary plate part HRS and the surface of the wafer W needs to be located in 
the linearity focal time base range of each focus detectors GDAn, GDCn, and GDDn. 
[0157]For example, if 10 micrometers of linearity focal time base ranges of a focus detector 
become, Z position gap of the surface of the auxiliary plate part HRS and the surface of the 
wafer W will be restricted within the limits of several micrometers. However, the thickness of a 
wafer changes by the common difference determined by a standard [ for SEMI (Semiconductor 
Equipment and Materials International) one. It is difficult to restrict the thickness of all the 
usable wafers within the limits of several micrometers. 

[0158]Therefore, when it is drawn by the wafer W to the wafer holder WH shown in drawing 14 
before being exposed, The difference between Z position (for example, center portion of a 
circumference shot region) of a portion with the suitable wafer W surface and Z position of the 
surface of the auxiliary plate part HRS is measured by using one of the focus detecting 
systems (GDL, GRD, GDC), and exposure is performed after that. If the difference has 
crossed tolerance level (for example, several micrometers), the height of the auxiliary plate 
part HRS will be adjusted by controlling Z-drive unit 220 which was shown in drawing 14 and in 
which slight movement regulation is possible so that the difference may be settled in tolerance 
level. Since the wafer holder WH shown in drawing 14 is filled with fluid LQ, water proofing of 
the Z-drive unit 220 in which slight movement regulation is possible is carried out, and the 
enter lump to the unit concerned of a fluid is prevented by this. 

[0159]Next, the composition shown in drawing 15 is explained. Drawing 15 is a sectional view 
of the example of change of a structure provided with the wafer holder WH and the ZL stage 
30 suitable for exposing a wafer in the atmosphere. The component corresponding to the 
component shown in drawing 14 is shown by the same reference mark and the reference 
number. Reference of drawing 15 constitutes the wafer holder WH as a zipper. Only the 
attraction face 1 13 for supporting the wafer W is formed in the wafer holder WH. The wafer 
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holder WH is being fixed to the ZL stage 30. 

[0160]The auxiliary plate part HRS is attached to the ZL stage 30 with Z-drive unit 220 in which 
slight movement regulation is possible. Z-drive unit 220 intervenes between the auxiliary plate 
part HRS and the ZL stage 30. This three Z-actuators 32A which drive the ZL stage 30 in a Z 
direction and the direction of tilt motion, Each operation point PV of 32C and 32B (not shown 
[ 32B to drawing 15 ) is set as the point of the periphery of the ZL stage 30 in the substantially 
same height as the wafer clamp face (attraction face 1 13) of the wafer holder WH. 
[0161]The height of the auxiliary plate part HRS is the same method as having been shown in 
drawing 14 , and is adjusted by the height of the upper surface of the wafer W by using Z-drive 
unit 220 in which slight movement regulation is possible as shown in drawing 15 . The height of 
operation point PV is set as the same height as a wafer surface. The structure of the ZL stage 
30 and the structure of the Z-actuators 32A, 32C, and 32B which were shown in drawing 15 
are applicable also to the aligner shown in drawing 1 , Focusing suitable for a dipping-type 
projection aligner or the projection exposure method of a dipping type and a tilt motion stage 
can be formed by attaching the wafer holder WH of drawing 14 to the ZL stage 30 of drawing 
15. 

[0162]The invention in this application explained application to an exposure device. However, 
the example mentioned above can be changed by various methods, without leaving the range 
of the invention in this application. For example, in the case of the aligner which performs 
projection exposure in the atmosphere, the focus detecting systems GDL, GDR, and GDC can 
be provided with an electric capacity type gap sensor or an air micrometer type gap sensor. . 
The invention in this application uses the pulsed light (248 nm) emitted from g line (463 nm) or 
i line (365 nm) emitted from a mercury discharge lamp, or a KrF excimer laser, for example as 
exposing light. It is applicable to the projection aligner of every type a step-and-repeat type, a 
step and scan type, and "1X (1 time) scanning type. 

[0163]While the working distance of the projection optical system attached to the projection 
aligner is set as the very small value according to the invention in this application, Exact 
focusing and tilt control in an exposure position can be realized, the amendment of various 
aberration and the amendment of distortion in the optical design of a projection optical system 
become easy by it, and size of the transparent optical element positioned near the image 
surface can be especially made small. 

[0164]Each of focusing / a tilt control system in connection with the example which the 
invention in this application mentioned above is applicable to a projection aligner fixed type. 
However, the invention in this application can be applied also to the focus tilt detection 
system for a beam processing (manufacture) device, a drawing device, test equipment, etc., 
and is not limited to semiconductor manufacture again. The optical or electrooptic objective 
lens system is provided in these beam processing devices, a drawing device, and test 
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equipment. The invention in this application is applicable to said optical or electrooptic 
objective lens system as a focus detecting system for detecting the focus on a substrate, the 
specimen, or a workpiece. 

[01651 Drawing 16 shows the composition of the focus detecting system applied to the objective 
lens optical system of the device which draws a pattern on the device into which a workpiece is 
processed with a laser beam or an electron beam, or a workpiece. Drawing 17 shows the flat 
layout of the detecting point of the focus detecting system shown in drawing 16 . 
[0166]lf drawing 16 is referred to, by the scanning mirror 300, the beam LBW for processing or 
drawing will be deflected in one dimension or in two dimensions, and will pass along the lens 
system 301, the fixed mirror 302, and the lens system 303, and will enter into the beam splitter 
304. It is reflected by the beam splitter 304 and the beam LBW enters into the objective lens 
system 305 of the high resolution which has slight working distance. The beam LBW is 
condensed according to the objective lens system 305 by the small spot which has the 
predetermined shape (for example, variable-length rectangle shape) on workpiece WP. 
[01 67] Workpiece WP is being drawn and fixed to the same wafer holder WH as a thing as 
shown in drawing 14 or drawing 15 . The auxiliary plate part HRS is attached to the wafer 
holder WH in one around workpiece WP. It is being fixed to the XYZ-stage which is not 
illustrated and this XYZ-stage of the wafer holder WH is movable in two dimensions 
[ direction / which sees by a horizontal direction or drawing 16 and intersects perpendicularly to 
space ]. The wafer holder WH moves perpendicularly (the direction of Z-) slightly again, and 
has come to be able to do focusing. 

[0168]The optical fiber 310 for emitting the illumination light for observation, alignment, or 
collimation doubling to the device shown in drawing 16 , The beam splitter 311 and the lens 
system 312 which show the above-mentioned beam splitter 304 to the illumination light, and 
the light-receiving devices (for example, a photo multiplier, an image pick-up tube, CCD, etc.) 
314 are formed. The light-receiving device 314 can detect now in photoelectricity catoptric 
light, light scattered about and diffracted, etc. which were obtained through the objective lens 
system 305 from workpiece WP. 

[0169]The prediction focus detecting systems GDL and GDR and processing position focus 
detecting system GDC are provided in the circumference of the objective lens system 305. 
Drawing 17 shows the flat layout of the detecting point of the focus detecting system arranged 
around the view 305A of the objective lens system 305, and the view 305A. For convenience, 
the center of the view 305A is set as the starting point of an XY coordinate system. The 
rectangle region of the view 305A shows the range which the spot of this beam LBW scans 
(namely, scan) according to the deviation of the beam LBW caused by the scanning mirror 
300. 

[0170]Focus detector GDA1, GDBn, and GDA2 are set up so that it may be arranged on the 
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left-hand side side of the view 305A of an objective lens system and detecting point FA1, FB1, 
FB2, FB3, and FA2 may become a sequence parallel to a Y-axis as a result. Focus detector 
GDD1, GDEn, and GDD2 are set up so that it may be arranged on the right-hand side side of 
the view 305A and detecting point FD1, FE1, FE2, FE3, and FD2 may become a sequence 
parallel to a Y-axis as a result. 

[0171]On the other hand, focus detector GDC1 is provided above the view 305A. And focus 
detector GDC1 is set up so that three detecting point FD1a, FD1b, and FD1c may be arranged 
on a line parallel to the X-axis through the two detecting points FA1 and FD1. On the other 
hand, the view 305A is caudad established for focus detector GDC2. And focus detector GDC2 
is set up so that three detecting point FD2a and FD2bs, and FD2c may be arranged on a line 
parallel to the X-axis through the two detecting points FA2 and FD2. In this example, while 
workpiece WP moves in the direction of X, focus detector GDA1 of a lot, GDBn and GDA2, 
and focus detector GDD1 of a lot, GDEn and GDD2 are chosen as a focal read-ahead 
capability. On the other hand, while workpiece WP moves in the direction of Y, a focal read- 
ahead capability is attained by choosing focus detector GDA1 of a lot, GDC1 and GDD1, and 
focus detector GDA2 of a lot, GDC2 and GDD2. By changing the focus detector GDBn, GDC1, 
GDC2, and the detecting point of GDEn, this example is constituted so that the focus of a 
processing position can be detected. For example, when workpiece WP is missing from a 
right-hand side side from the left-hand side side of drawing 16 and moves along with the X- 
axis, Predicting using detecting point FA1, FB1, FB2, FB3, and FA2. Among three pairs of 
detecting points which consist of detecting point FD1a and FD2a, detecting point FD1b and 
FD2bs, and detecting point FD1c and FD2c, the detecting point of a couple can be chosen in 
order to detect the focus of a processing position. 

[01 72]lt has intention of this composition so that the following effect can be attained. Namely, 
the spot position of the object for processing or the optical beam LBW for drawing changes in 
the scanning range 305B. Therefore, when the spot of the optical beam LBW is positioned by 
the leftmost end of the scanning range 305B as shown in drawing 17 for example, two 
detecting point FD1a and FD2a can be chosen, and focus detection of a processing position 
can be performed. When the spot of the optical beam LBW is positioned by the rightmost end 
of the scanning range 305B, two detecting point FD1c and FD2c can be chosen, and focus 
detection of a processing position can be performed. 

[0173]ln this method, the reproducibility and accuracy of focus control or tilt control are 
improved. The electrode holder WH shown in drawing 16 moves in the direction of focusing 
(Z), and the direction of tilt motion slightly on an XY stage. What was shown in drawing 4 can 
be used as the drive system and control system for performing this movement, without making 
a substantial change. 

[0174]As mentioned above, the focus detecting system shown in drawing 16 and drawing 17 , It 
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is constituted so that focal prediction detection can be performed in each of the two- 
dimensional movement direction of workpiece WP, and so that the focus detection point about 
a processing position can choose according to the position of the beam spot in the view 305A. 
As a result, even the periphery of workpiece WP is precisely processed, where focusing is 
made correctly (image formation), or pattern image formation is performed on workpiece WP in 
such the state. 

[01 75]The outline of the test equipment which can apply the focus tilt detection system of the 
invention in this application is explained with reference to drawing 18 . Drawing 18 shows the 
example of the device which inspects optically the defect of the circuit pattern of the 
semiconductor device and LCD device which were formed in the defect of the pattern copied 
by the mask and reticle for photo lithography, or the substrate. 

[0176]By expanding an inspected pattern through an objective lens optical system these days, 
By forming the enlarged image of the expanded inspected pattern with a CCD camera etc., 
The art of inspecting the quality of the inspected pattern formed in the specimen (substrate), or 
inspecting foreign matters, such as heterogeneous particles, and existence of damage and 
nonexistence is positively introduced into this kind of test equipment by analyzing the picture 
signal acquired from such an image. 

[0177]ln such a case, it is important to improve accuracy so that the image of an inspected 
pattern may be expanded correctly. Therefore, the objective lens system in which resolution 
can form an image by the minimum high, large aberration and distortion of view size moreover 
is required. Such an objective lens system is usually designed as a SURUZA lens (TTL) type 
so that working distance may be small and focus detection may naturally be performed through 
an objective lens system. However, a TTL optical focus detecting system will be accompanied 
by the problem which restricts detection sensitivity (variation of a detecting signal to the error 
at the time of carrying out focusing of the specimen). It is because the numerical aperture (NA) 
of an objective lens system is restricted. 

[0178]Supposing the TTL focus detecting system is formed so that the light which has the 
wavelength of the checking illumination light and different wavelength may be used, when 
performing the optical design of an objective lens system, aberration must be amended in 
consideration of the wavelength band region of the checking illumination light, and the 
wavelength band region of the focus detection illumination light. In such a case, a lens cannot 
necessarily be designed the optimal to the checking illumination light. 

[0179]Then, two or more sets of focus detecting systems GDC, GDL, and GDR can be formed 
in the circumference of the object lens 330, and, thereby, it can inspect now by the same 
method as the focus detecting system shown in drawing 16 and drawing 17 as shown in 
drawing 18 . Specimen WP which should be inspected serves as a mask in which pattern Pa 
was formed in the undersurface, for example. Specimen WPs are the peripheral edges and are 
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supported by the stage 331 of the shape of a movable frame in the direction of two 
dimensions. The stage 331 is provided with the opening. The object lens 330 is in the state 
which turned to the upper part, and is attached to the base member 332 to which it shows 
movement of the stage 331. The enlarged image of the local area of pattern Pa passes along 
the beam splitter 334 and the lens system 335, and carries out image formation to the image 
surface of the imaging device 336. 

[0180]ln the opposite hand of specimen WP, the condenser lens 338 of an illumination-light 
study system is arranged at the axis AX and the same axle of the object lens 330. It 
progresses through the condenser lens 341, the lighting field diaphragm 342, and the lens 
system 343, and the illumination light from the optical fiber 340 enters into the condenser lens 
338. The field corresponding to the view of the object lens 330 is illuminated with uniform 
illumination among specimen WPs by it. 

[0181]ln the composition mentioned above, the focus detecting systems GDC, GDL, and GDR 
are attached to the base member 332 together with the object lens 330 so that pattern Pa may 
be faced with the up side. Two or more focus detectors (two or more detecting points) are 
formed in the focus detecting systems GDL and GDR which can be predicted. The focus 
detector of the couple is formed in focus detecting system GDC detectable with an inspection 
point on the other hand at least. 

[0182]lt may enable it to move specimen WP on the stage 331 perpendicularly in accordance 
with the optic axis AX in the focus detecting system shown in drawing 18 , Or based on the 
focal position information detected by the focus detector, it is made to carry out by using a 
control circuit as shown in drawing 4 a tilt. However, in the test equipment shown in drawing 
18, if only the effect that the quality of the enlarged image of pattern Pa by which image 
formation was carried out with the imaging device 336 becomes high is acquired, it is enough. 
Therefore, the focusing device 352A or 352B for moving slightly the object lens 330 or the lens 
system 335 in accordance with the optic axis AX can be formed instead of a means to move 
specimen WP perpendicularly. 

[0183]The test equipment which positions mask pattern Pa provided as a specimen WP so that 
it may be suitable caudad is explained with reference to the example of drawing 18. Needless 
to say, this example is directly applicable also to the test equipment which turned pattern Pa 
upwards and turned the object lens downward. The image which pattern Pa was delivered is 
inspected in the device shown in drawing 18 by the transmitted illumination system provided in 
the same axle. 

[0184]However, said transmitted illumination system can be changed so that the reflected 
illumination light of the same axle may be introduced in the direction of the arrow 350 of 
drawing 18 through the beam splitter 334. In such a case, the enlarged image received by the 
imaging device 336 is formed by carrying out image formation of the catoptric light from pattern 
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Pa. 

[0185]Other methods can also be used. In the method, the spatial filter provided with the 
transparent part which has desired shape is provided in the position of the Fourier transform 
flat surface formed in the optical path of an illumination-light study system, or its image 
formation optical system dismountable. It has come to be able to carry out the image formation 
of the light field image or dark field image of pattern Pa to the imaging device 336 selectively 
thereby. 

[0186]This indication is illustrated and the invention in this application is not limited to this 
indication. Another example of change for a person skilled in the art is clear from a viewpoint of 
this indication, and this example of change is included in the range of the attached claim. 



[Translation done.] 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings 

[Drawing 1 Drawing 1 is a diagram showing the scanning projection aligner (aligner) in the 1st 
example of the invention in this application. 

[Drawing 2 Drawing 2 is an abbreviated perspective view for explaining a scanning sequence. 
[Drawing 3 Drawing 3 is an abbreviated perspective view of arrangement of the focus detecting 
system established near the end of a projection lens system shown in drawing 1 . 
[Drawing 4 Drawing 4 is a circuit block diagram of AF control unit circuit structure shown in 
drawing 1 . 

[Drawing 5 Drawing 5 is a top view of the physical relationship between the projection view 
field on the wafer of the device shown in drawing 1 , and the sensor for focusing. 
[Drawing 6 Drawing 6 A is a diagram of the focusing operation of a device and tilt operation 
which were shown in drawing 1 . Drawing 6 B is a diagram of the focusing operation of a device 
and tilt operation which were shown in drawing 1 . Drawing 6 C is a diagram of the focusing 
operation of a device and tilt operation which were shown in drawing 1 . Drawing 6 D is a 
diagram of the focusing operation of a device and tilt operation which were shown in drawing 
1. 

[Drawing 7 Drawing 7 is a top view of the layout of the detection area of the focus a tilt 
detection system in the 2nd example of the invention in this application. 
[Drawing 8 Drawing 8 is a side view of the layout of the example of change of the focus a tilt 
detection system shown in drawing 7 . 

[Drawing 9 Drawing 9 is an approximate line figure of the 3rd example of the invention in this 
application where the invention in this application is applied to a scanning exposure device 
(scanning aligner). 

[Drawing 10 Drawing 10 is a **** figure of a carriage every which is applied to the scanning 
aligner shown in drawing 9 1 length. 
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[Drawing 1 1 Drawing 1 1 is a perspective view of the projection optical system and focus 
detecting system which were provided in the projection aligner shown in drawin g 9. 
[Drawing 12 Drawing 12 is a sectional view of the 4th example of the invention in this 
application when the composition of the invention in this application is applied to a dipping type 
projection aligner. 

[Drawing 13 Drawing 13 is a diagram showing the example of the optical-path layout of a 
focus / a tilt detection system suitable for a dipping type projection aligner. 
[Drawing 14 Drawing 14 is a sectional view of the example of change of a wafer holder. 
[Drawing 15 Drawing 15 is a sectional view of the example of change of a wafer holder. 
[Drawing 16 Drawing 16 is a diagram by which the focus detection sensor of the invention in 
this application is applied and in which showing one example of a manufacturing installation, 
an image formation device, or a drawing device. 

[Drawing 17 Drawing 17 is a top view showing the typical layout of the focus detecting system 
applied to the device shown in drawing 16 . 

[Drawing 18 Drawing 18 is the diagram showing roughly the structure of typical test equipment 
where the focus / tilt detection system of the invention in this application are applied. 
[Description of Notations 
10 Illumination system 11 Mirror 

12 Condensing lens system 13 Columnar structure object 

14 Reticle stage 15 Motor 

16 Moving mirror 17 laser-interferometer system 

20 Reticle stage controller 

25 Main controller 30 ZL stage 

31 Moving mirror 32A Z-actuator 

32B Z-actuator 32C Z-actuator 

33 Laser interferometer 34 XY stages 

35 Wafer stage controller 

36 Drive motor 52 Position supervisory circuit 

54 The 1st computer 56 The 2nd calculation and store circuit 

58 The 3rd calculation and drive circuit 80A Illumination-light study system 

80B Light-receiving device 81 A Multi-slits plate 

81 B Light-receiving slit plate 82A lens system 

82B Lens system 83A Reflector 

83B Reflector 84A object lens 

84B Object lens 85A Prism 

85B Prism 100 Carriage 

112 Pipe 1 13 Attraction face 
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120A Fixed base 121A Side FUMU part 

121 B Side FUMU part 122 lighting units 

123 Guide base part 123A Guide rail 

123B Guide rail 125A The mask side carriage part 

125B The plate side carriage part 126A Mask table A 

126B Plate stage 200 Prism mirror 

200a Reflector 200b Reflector 

200c Flat face 200 d Flat face 

202 Light source 205 Multi-slits plate 

207 Beam splitter 209 object lenses 

211 Object lens 213 Reflective mirror 

215 Photoelectric detector 220 Z-drive unit 

300 Scanning mirror 301 lens systems 

302 Fixed mirror 303 lens systems 

304 Beam splitter 305 objective lens systems 

310 Optical fiber 31 1 Beam splitter 

312 Lens system 314 Light-receiving device 

330 Object lens 331 Stage 

332 Base member 335 lens systems 

334 Beam splitter 336 Imaging device 

341 Condenser lens 342 Lighting field diaphragm 

343 Lens system 338 Condenser lens 

352A Adjusting device 352B Adjusting device 

AX Optic axis Cp Image vision field 

Ep Exit pupil FA1 detecting point 

FB1 detecting point FB2 detecting point 

FB3 detecting point FA2 detecting point 

FC1 detecting point FC2 detecting point 

GDL Focus detecting system GDR Focus detecting system 

GDA1 Detector GDA2 Detector 

GDB1 Detector GDB2 Detector 

GDB3 Detector GDD1 Detector 

GDD2 Detector GDE1 Detector 

GDE2 Detector GDE3 Detector 

GDC Focus detecting system GDC1 Detector 

GDC2 Detector HRS auxiliary plate part 

IA Pulse illumination light IL Illumination light 
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ILF Illumination light LGa Front group lens system 
LGb Back group lens system LLa Straight line 
LLb Straight line LLc Extension wire 
LE1 positive-lens element LQ Fluid 
LB Wall LK Light 
LBW Beam M Mask 

MR1 Concave mirror MR2 Concave mirror 
MR2a Concave mirror MR2b Concave mirror 
NT notch P Plate 

Pa circuit pattern region Pe The flat undersurface 

PL projection lens system PM1 Prism mirror 

PM2 Prism mirror PM3 Prism mirror 

PM4 Prism mirror PV Operation point 

R Reticle RSf Image formation beam of light 

SAa shot region SAb shot region 

SB Cover belt SI Projection image 

SLf Image formation beam of light W Wafer 

WH Wafer holder 



[Translation done.] 
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original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1 
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[Drawing 2 
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[Drawing 5 
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[Drawing 6 
Fig.6A 

KA2 



Fft W F5J 



BFP 




42B2 

\ 










FIg.6B 



Fig.6C 





http://www4 .ipdl.inpit.go .jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3 A%2F%2Fwww4.ip. . . 4/30/2009 



JP,10-154659,A [DRAWINGS] 



Page 5 of 10 




[Drawing 7 
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[Drawing 10 




[Drawing 12 
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[Drawing 16 
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[Drawing 18 
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ff)WMJhb, 

( d > m i <offlatc«iaj««*«ifcJB i <omaj»t * 

y^t«ntiaii$:J)(tT^t^ix-Ct5 0, mm la* 
( e ) SI2<0fi«tC«iaj«KS:fflltfcJII2OljmHR*fll 

* x a o . fluifim 2 cofifiti , fjie^«^OH?ie^ffiffi 
ffie^2coe?ii!^«s. iuiBS«o^fficr)z*[6](7){4 

( f ) st3<otaafc«iaj««sr«ifciB3<osiai*sr«i 
t *$ o . mi bis 3 co{aa<i , wr^^wb&qm 

t saw & arm Kiaw * * »rca »t 4»*it *j o . 

(g) irai«>«aj*tinH»2wttaj»i:tisis 
fiitaszfiatorao-ftiSrttwL. meffio«t 

HJS*l!fe«l2»2<OZffil*IEtW6IMW»i:» 

( h ) mieHfiii^tMfeihwtit frtem 3 coeiai^ttc 

*«*ifc-«lfc, *IEiat3fifc»2tf>Zffill:, «TE 

*3<ott{fi*fcJ: ^T^a$ii^Biriem3oz^at , 
t=a^^x ih auss^ * * £ i: * i*a f a * * 

[BWWH2 ] IM&R 1 fciEtttf^ir-^IBKBB 



[MSJB31 2 fciBEW -v ^ y 7fift£iW 

MHSK*?-^*, fufEffiRtf>gffi£5l£ott4£#> 

7V- bgfSt J HiTV* £ b ZftWibt hx**-> 
3 -y MHfaP. miEa*<0«ffl*t*4i:&K. WE* 

2c7)^ai^i:friam3£o^tu^{i, Huiee?ajffl^^*> 

>M%< b b l-^aj«W=j:oTlWElltt7V-hai 

» z en t »t * itfie««<7)*ffi <o z #mmebihi > 
six, Rwi<o«ai»K:i!W-*wsew*»zffiatci«- 

*ffiiEJIB&7V- h^c0Z^|6ifiaMHffi«-*5r^4 
U 

«RE»2««aj*tt, KS2tf>*ai#fc:l!W- 4ffi£?>£ 

*z{4gt*H-4Kne*R^fflwz*i6]fi[a^iiffl, 

SIX. BEW2<otHHJ»CIJW&»rSW»l»Z(i»c«t 
U 

2iiz{aat-^tr4ifnes«««ffi<oz^rf6j{as^iffi, 
4miaffl9)7*p- hg?c7)z*-|6]<aammiw-*sr^ 

mie* i <nm&mzw-t&m?J i f\fe<7>£&ztfis.b , u 
eiis2otta}*twt6i(riEBf3etf)»Pzffiiit. mte 
m<nm&jkbizmmtfflfe<7mmzm.btf, s: 

$it4£fc2r^@t-t4X^+r:y/S^a. 

[is*iS7 1 w*Ji4 tie® w x ^ -v - v r&w&m. 

BlffeS^WXdf-v->'^*TS]* ? Y^T-J)4%&T-. 4 
fc. frlEY^(fi]&I/BflIEZ^(6lcO#^£lI35-r4*|fi]* { 

vA^aK-f y h r<r>m 1 om^«!ai§5 
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a o . man 2 #usi*aawi . me^h-sim y h ? 4 
rom i <?>%jmiii&<7), -mt tox v^4iiEaa<o 

[ it&g i o ] mm^mx-h ->x „ 

(a) ^x^^-ynm^mmxwmz^^h 

(b) X*|*iaVY*l*lK3aM-i*rtlt»»LT. ft 
S fufe ? a"? - y <r>mzm IX ISI £ ft 

( d ) jr i coiaMc^aj^sria i feat i oftttj* 1 1 
mffizhiixmictixx*). mssn^ntaMt. ft 

iw>jwiWBMt^*i. Buias i nmfrt>mixnftiz 
mz*>ftxmit>tix&*). ms»2mtam. ft 

mfcafrtTaHt&ivctJO. «ris»3<oestt, 

fflTG* 2 C0{4S*> fe*EY2f WfclHH* *JtTRtt *>ft 

( g ) Mem i otjwja t lut ess 2 t tests $ 



tWE»iwttaj*KJ:or«ja}S*ifeiJEiiiioz 
^at@®z<affit^H<o-fixSrtt*t. fttemioft 

( h ) mmmmtmm»^tmim3<ommJht 
fcjits$ft.fc=iyM3-5k«rfliiT*j"3, Miam 1 CO 

wwcffiitttsc. iwiesyhn— gnett 

WSftfcW: . ISEiEttS*ifcSS20>Zti«fc s ffl£ 
JB3W«taj*t:J:->T«lUJ*nfcWEW30Zffl1Ik, 

[ imps 1 1 ] mm i o tieiso^s^ifcfc 

®m&®%<r>mm<r>mixiimzt3t}z>w xiz® 
ttz&mx\ mMmz&^x-mztc-oxti*) . m 
wbimjim&frwt. mim.\m&<?>3r«x\ 

1 2 ] mm 1 1 fcie«os»i?^Sfcfc 

®tm2<7)tiHiimi. 2O0»20J!IUjS[«iaj»S:fflliT 

o . Bute 2-?o^2 o^^ai^{±. fltriem 1 oe?* 
^o, -nt%^x^hwiwk<m\m&<mw l z& 
w.^ix^2r>cr,mmmmix^ . mie^2^m^ 

cis^jb 1 3 1 if 1 2 nfe»w^E^atfc 

«E»3<0«ffl3Wi. 2oo|g3 0^f^aiS$:filt'C 
fcO. «E2ow»3<0JS(uSi«taj«Ji, UEISfRjR<0|} 

[ if *JS 1 4 ] if *3? 1 3 (ctEttO&£&3l&S(c£ 

* . mi e« w&m t mmmz*? i v « $ t-m e«x$r 

g|5cO*ffiti . fjie 2 OCOm 2 OflUSfttttiftO 

fcs f9E2o^»30j|WSttaj«wdt>»loi:K:J:-> 



(4) 
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( a ) f9£Sfttt££a$iii0S3 fclMtWtcSUtfS 
STftBKHHW*BWt»7 , I^- h ******** 

(b) «Evx^^V-y«>Hft6TO8ii*IIE«* 

izmim%<Dik%wffr h mux ss s ftfcujeffla 
ffl^jnAuiajiRK J; -> t . mmmg&WMim) 

(d) miXT-vT(b) RTS(c) Ct-oTMiSft 

fobnmMimmh^vybimiLxm , * 

mra»»co8UI«H»T«ES*i6ii:fc»ai:'f 

1 6 ] a*Ji 1 5 fcffittox**-:^** 
«ria!ria±s»7 5 a i—izmm stirs*), m&m 

m. 

imxm 1 7 j mm. 1 5 tiB«^#^->^S3K 
■nmza^x. 

mm.^(ommmmiz)5^x. mtmmmm 
b. w&mm%mffimizmwzhfzm%it¥n 
?b<vmx\ mmisttzm. m&vmtzstix 
^&ibzmbi-&A**-y7m%-xm. 

■mmza^x. 

mmmmmt. mmt^m.bmmsm(^m 

[w*js 1 9 ] 1 5 iciemox* 
umzt3\,n. 

mzjmt. z**-y-/®K£mzmmiztixt$<o , 



m^m=Fb^txm. mti^^-y^mm. 

wcawc, m*jteft¥%?mmmtzm.%tix^h 

zbtw&bt&x^v-yrmftffi;. 

imm2 o j mm. i 9e&mnx**-y?it?it 

umza^x. 

mx-M^^hitmm^hXo^ mtmuyx 
mm^-tmm.f.zmihixtzmA^h^m.x'h -> 
x. mmti-itbitmm.it. 

(a) mi commmmm^mifzm i (omm^m 
ix&t). mmiawMit* miBtfti' 
fflfvmmizwitthtixis*)* uiE»i<ottaj*«. flu 

l2»IHic0^®(0fltilS^^^-li:*(*]O{2S5r^ai L 

fltriBm^^^^SJi. 

(b ) SS2<0fflaictt{iJ««*ffllifciB2^1jiai**ffll 

txn*). mssn2n&mt. mw^yxx&m 

( c ) m3nmizfttiimmffittz%3cotfittmffi 

fiBt<0#-«?3i»<$ > iaiHS:*»tTRtt4h.T*J l J. «IE»3 

oommibLxti') , 

( d ) Mem 1 k fiiem 2 oaa:* t taes 
<x. flKismi^ai^ti^T^ta^ix^fltriemi^ 

^fiBt g ^m^fita i: W^O^aSrlfW L . flulES 1 
T«WJ $iifct9ie» 2 <0«jS(M «rEIW6 fc^«0tf» 

tit, 

y h p-5 1 $r«ii.Tfc o s mm i w^ai^wfluis^ 
aj^^t«fGt5fl?iE»xft±<ofl«ieffi^*^ fltitea 

iBTOVyX3K^O^H(c(aa^t S k # . flirlEn 

yho-7ii fltrtBH-»$nfc-f^k. meiMZtifc 
&2<n&£m.b. ijieiii3<o«taj*fcj:oT«ajsft 
feffiem 3 <r>m&m. t . ca-^v . vmttttxtta 
fltrie^ffl±T-<7)fltnaJtfty yx^^fo^^^Srifii 
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izmrnimm&m o mi *r ? xk , 
miimisyxyt^nmrnzm-zmz. mma® 

( c > mimiu:w)mmm)%mwmiimizm 
-t&kzuz* mmmmzm^-ti^mzmmmu 

(d) MIXtv7 (b) &V (c) fci-oTSiajSfl 

ffiB»i»^a5w=5:ia5^m^^ii*^ matt 

a. 

tfMtEfl^V yX3te^)KTC198EaaBIftW«lBt: 
*W>fc#a>*i&v* J; o lzh?fr%^mttW$mtt-f 

s. mmm^nm^. yvx?7 mmm 

[ IS^fl 2 4 3 3ti¥W«*«« k , 9££?tt&&ft$ 

«riB5MB*9^wiiE^«B k . Bier-fe y x 'j o 

(a) firi£¥3*# ^ n £ *;UX-fcE 9 ft(t*> * r 7 
XSrfiitTfcO. ffrfE^X-Ji, WffllWcSlIfciWt 
£*LfcfflKfcflU.Ti3D. -lilt* 1 ?. Me^xAO^ 
Sit 85iE£J« «ra#»«tt»i:*4 <k o izfflRVx 



J\±lzm!SZMtf(.?S>ZbtfX'$ . 
( b ) B?ie^^^ffi^oTB?tS*^X-^Xdf + 

^>-XU d*UcJ:9. itfi^mtf^saEfWBfc^a 
{c)mmtbmmm-tiztizx^x. sje^xa 

*>*JB k M ESS8Rtf)«MB k ^B^MWaWIJW^f-A' h 
iSHo5^«o^< fc i>-UimBx^Ar~yyxf-v 

r^z^jtfhxf'vTh^txm. meM&m 
imm2 6 ] mm 5 icE«0*i6fcavvt . 

&mZffilX^&Zb$:®®lbth-)3&. 

mz^m-thtz^>nx^^-y^m±-nmxh^x. m 

m&mmmzmiMxx^&b&iz. mm&mm 
t^x^^-y^mz^m^mxmfhtLxao. 
Miami cottoumt. mmwL<7)&m<?). 
jtm-fiftizm ho.w.zmm ixa 0 . 

X£«*.T*J»K «IE»20«llllfW«tt. WEWWRO 

ai*R$a> 4> miEx dp * - y x^isi t ^n-r s *m tram 
3&»4>max ^ t ^-ri. -mittm * h »t 

o^ffi^i, mWRomm<?)&.W.bm&W:bco® 
cOs H?IE3tl4*(6]tcfcftS-nL$-^tlJLTfc>), 
MIEXdfA-^yXH3t^ft»i, 4fc. 

fnas«w>**«>isfc . meb 1 w»aj»»ttai*s« t 
mem2mft&<omm&biz&'3^x. mi&83<?> 
^ajswagfiasr^-rsxr-yxk, 

friE^ 2 Dttfflxotft jti^mk mem 3 o^aj^^ttj 
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[000 1] 

mu mz, mw-y*. ixftnui'+rMp 

[00 02] *®%Mt. Kaolfll. t%b*>7 

L/C. at^tt*^U4fc««ftlIft<03ilBt]5fa^> 
[0003] 

Iftmmfil ifi*, »HW«6 4^^b*'y 

*y? • 5>/A- • **'J<D#5f*; 

f"y7* (DRAM s ) *HWttBfta«fcJ:->T** 

mm. i ombzwt*ixw±<?)m<r)®ww->t 

[ 0 0 0 4 ] SWE. *<0 J: ? y TVDMftfcffi 

*IB*TOitl (»S365nm) ^Kr 
FX* f-frh<T)2 4 8 nm<7)&*£*-t4 

i 5#*> i wi/hriftwiewfl* (-t& 
vmzw&tih. 

[ooo5] znmntzMzQimn&iz&mftmw. 
(mmryji--) a. mm&3h<7)?4T\z%i 

X, XTvT7VYW-y}r&*mmth%><r> (ffc 
fr-TftVZh.X^&. 

[0006] XT-y~7T>Y V f— h#A(Ci}V)-Ctt. 

-)iA^f -/ f vrtimx'hhfsg&wrth rt 
ojmrs (w^xjih 1 ) 3 jit** 1 ?, n 

x 3 » MBW*»/^-y«CSai**i6. 



[00 07] X yrXTyKx^y^lcfcvvai. 
?x/Mi, (IrUJf. R5H«m'J-yh<7)^«<7)) l/f- 

4. LtztfnX, z.*v->71}mX'\t. Vx'\±.<r)l 

KK#3ft4. 

[00 08]«itf. rsJ-T^a/k/u— r--"?4 
?o(JVt'77'( - (Optical/Laser M 
i cro l i thography) (1988)?>SP 
IEVol. 9 2 2^>2 5 6^->%V^L2 6 9'<-i; 

JvCV^S. xfc, ft»«**li. ( Sh a f e rtft^ 
*mm&4, 74 7. 6 7 8(cH^S*tTV^ 

striate sm«®*tfflo^s*i: . m.<r>K 
m<n%,¥%mt t #t * £ t 35*t# & . 

[0009] (Nishi t#4$it!t ) *B5»WK±, 

sjfc^tt^x/Niojswass (dof) tfljjps-er&i 
[ooio] W7y7<t -imco^mza^xit. % 

t*>-a4 iw vnfctmwte&^mMm 

^zztfrb. %*)izx«)n%i-&mi&imix®m 
•?hzbtfmmx'$>&. &tz. ffi<7)ft^>oco«^h--A 
kx&nxmifrxmtffivwm&tz&tzb. m 

[00 11] l^O^tUf-yrtMLTtt. fi/J^ 
7-fy<S (»Kff) S:. »0. 18/im(7^D^- 
fT&5fi«*«*6fc#ife*l.T^4. 4df 
**<7)> ; £Uf--y7'tWLtJi, ft/]v?)7-f y<s (J^* 
II) £. *^0. 1 3//m ("7>f 7d^-WH t-fSsfiJ 
S* J J>l»i:#^^TV^. *Oj:5*5>f y«*»« 
■fSstAfctt. 2 00nm£>SUi-?-ix e fc92§^i£*£ 

[00 12] (4 0 0nm2£li-eft<fc9® 1 '^££ : * 



(7) 
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WK&tmbLX. Wi (SiO,) . m (C a F 2 ) . 
Uf^A^/M"!) K ( Lj F 2 ) . V^y>)A7WJ 

h (m 8 f 2 ) -miztobtix^i. ^mtm 

[00 13] LfrL&tffc. iti.vmwMx&m 
Ztttfb. S»3teTjRwfiHP» (NA) SrtijD^-frT 

[00 14] t>U ttlMfi¥X0)IIC»k (NA) 

s-itanstfi^if. auftttK (dof) AFti. <e«s 

If, -»«t. JSIUSaUSEAFti, TfEfc:S8*iTV>&<J: 

dC. ft*. HP&NA, RlfTV-tzmLK f (0< 
Kf < 1 ) fcJ:-3T5g»8ix£>. 
[00 15] AF = K f • ( A/NA 2 ) 
LtzWiX, 1 U IfcJbPl 9 3 nm5rtll 

<. MP»NA*«ttO. 7 5fcRlE3*i. 7n-fc*fl8R 
Kf#0. 7"C*6*4>fcf. +<^S(US«BK 
AFti. $0. 24 0/imfc&l>. 3f&±£> 
Jffftft (*/h9-f ARIi, (0 
<Kr<l ) £ttffl1-STW5tt:J:->Ta8S*l*. 
[00 1 63 AR = K r • (A/NA) 

#0. 6$r*>«f, ATOKA RttftO. 154;umfc& 
S. 

[oo 173 ±aufcj:efe. 

w&t izt z t itmx'h i. t> u aos 
9a&*z\vbt>a. its, wmn&. &.v&%&*& 

ft*. 

[0018] flcfr. rlf 4 y^Bt^)JUl!!*»<9«W** 

t. mnmtmz-ttmtfLmmx'bh. 

tf. <*9. tco&m. 

<«£». EIS^S) fcJftRLflur** 

[0019] awe, << nm 



•)xAt}Jfmt^^-^(:, a*W%«8 
*TCV^. ifttHLTte, (Tabare 1 1 i fctf 
#ffl1#i*S&4, 34 6, 16 4*«Rtf5*lfc 

[0020] £OitS8If£&lc£tvctt. ->xAL 
*MJ«*3R*ft»*BH (MB) TfflJfit«*MI*i: 

£ t #r*s s . zmmmmt. 
mtmmmm-tzuzx^x. &mm&® 
z%m?$&bimztix^i. 
[oo2i] m&Ammryji—wi. hrw 
fc, (af) mm-rt>tix^t>. z<r> 

SrE5|{c$iJffl)L. -Hxtc^T. ^vt^b^ 

( w>v<nmm) c^as-frs 
mzuFwm. unborn.) nm&mmi'mt 

fcft<0 Z*[6]pS5«ffl b £ fit £ T V i* „ 

[ o o 2 2 ] m&imztix^h®%T7'( -t— 
- (WzxT-iS) zmmwmffib Lxmvh 

[ 0 0 2 3 ] t L % -fiOid^S ®M&%h*tmK W. 

mm*mtfmmixh7?4i'-\ l zm j tt>tibtt:L> 

*—9—94r<r>*.v*r*®mhzbtfX'%-?. ^ 
^*yvm&mzmmix&<?>i)<&mx'*>h. *co 
mm. (suwat:#«^i ^on$ 

fi=S4. 6 5 0, 9 8 3lzm^Z1xfcX?%Mj!ji&fri£ 

mmizmtzmztis *?^mx'%.mti 

6RSf8iXJtt*-A (RWh'-A) Wffiao^k* 1 ^ 

aj8n-&. 

[00 24] ^E#lfm4. 650, 9 8 3fclH*Sn 
&-&£>itm(0-t >*rtf . 1 0 L 2 0 n m (WeM&M 

z^t&mifsnmx^mmmzmtix^hmT 
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» t*- A k m t'-A t **»6^3^£i8#Kf£5g 

uyxKfifitts. 

[0025] ^^fctffflO-fci^t'-A 
tt. «*+**V«tfcfc->T»tr. fftKJoT, 

[00 26] S&K. ffi8HUm6(zJCo-C. 0. 15 

*fti#£, sw^st^x^fcoiBioaEia^fe^x 

Ajbwai!JfH«Crt<tT«W)fc:tiaH-4iktt, fflUfc 

£09 LT. lo*>MKrlfl8W f &&*. 
[0027] ML-a®*** TO (BIT, " 1 

a) a, *mi*mmiW£t&mb&£. m&r<x 

gfC'ffifflSft-O^. Z0MOTy4i—(Dt:ib 

K, lOCOS-XfA (&) MBRSiva**. -?-c0vX 
•f AKfi, 9 A ?<rtm.<r> 1 XS^i?S«l!I§ 
ft, v^RtfJS^^rwhtfSOKttL 

dttfoT^a. ffiffiSft* 1 XjM^^OfHMHil 

(i. aswtiiffac'hs < tt^x^hz. btfmt 1 

\>\ #1 X&l^i&li, (Hershel K#4$ft 
) *0ttlttl4 , 3 9 1, 4 9 4-9(cBE*3iifc J: 5 
ixy//l/-y-{yy (single Dyson)? 
47\ ifctt, (SwansontifCttWilfc)* 
HH«Hfi5, 2 9 8. 9 3 9KHK*3;h.fcJ: o^V/l- 
-y-iVV (double Dy s o n ) 9 A 7bto 

[0 028] *<0J:d&Dy son (^-fyy) 9 A? 

raH) £+#ai£^2-tf-6£fcKJ:9. 8W3ftfc«W> 

*fUb&<&.I>. ca^OT?^- tefcn 

X. 3i^i^i?-frfflO-fe>~9-tJ:oT3iA*«^aj§ftl.s 



ftS. 

[0029] 

a-? - y fe<Otft»*K0t3tS ft 6««tf>II$#&&tf> 
fctt*0BfcjBBK«BSftfc3&>^ 3 *»£2SIB 

K«aj-rsdfcf±T^r^T*>s. 

[ 0 0 3 0 ] *fc. V-y*«H1-6IBtK*J 

SKftOTJi, WSLb. V— <F-t'-AWft'-A£ 
^tSfc^>*M&l'>'X& (££«, HTU^X^) 

orao#»j?EM*^vjN$<^&. jpx 
mmjaM&mftX'Z. twt. muyxm& 
(owHzs vz>mm±.x'mw&m<7)M£mgztii 
&x'Z&AF±yv&mmt>zbi)<x'%%<%&-sj 

[003 1 ] *0)£o%m£. AF-tyHfwttBBffla 

lis js(uSiiyi*«iffl-*-4Jt*K» fm^yxjh<r>m<n 

ftWcoaCtahft. *<ntdh. imvyx%<rtGffi\z 
MI&MLQStMtWmQM.X'. JIMSftSa^aSKie 

[0032] ZilbmtZbtf. 7*hVV?57 4- 
X'V-f-9iV*?-?x?t,zm>titzJ-<.?-y-*?V xWzffli 

zixtMmww-yimmzti&t&tzfrcrmmz 

mLXhWoZbtfX'ZZ. -tfthh. Zcr>ncr>®Wi 

SK i> . tt*ofc»<o«* y x^igtt ^>ftT v 
* (ri^-b) o^fflKiajv^r, B«e<ofHBiaaRi3ettffl 

IES*0*ffi*^JIift-CiS(t^ftT05*^-CJ>§. 
[00 33] UA 5 ot, JtttWK*&*<S*kK»« 

* ^ ^/J^$ <=3r0. *<^S*, A F-fe ytcottWKWt 
4|S]traiI* J 4t4. 
[0034 ] 

[RH£JB8W-4fc*><0*8] 0HJift»O±I2raii5-# 

wmzm^hm%&m&*-xi\htitzb ix 

t>, SfflWSKJSuSi^fc-e-wiHWCS. ife, WfUSK 

&%ffi££mt&i><OX'*>h. 
[0035] xmmii. xt-v vry y 'J e- 

79 -f-*— K0WLI/CH4. ^r-v77>'H , Jt-h^ 

ttd&x*; *~y?m%giW. (x*\-y?T74i- 
-) SriiLTS^Sft^^-y«KS3t§ftl». m 

mtzi*x**-y?n>mmzi5^x . -?x? (ttz 
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vymommm. (794-*—) tfcttsm>s{as^- 
s. 

[0036] *Sif6BBoS3fcliaaiXR36^tfc^T 
(is &££fctf$W*^h$iJW;L SafcttMLLOJfl 
m.mz&tthisB MW*fcRILTSIfT3*iS. 

[0037] *H^Bj(7)X^^^y^3tgB&lXXJr 

nmwttzWi.'fcth zt%uz, ®%.<m&<nmmt. 

mzmix. &mmz$k&£bitco®wtfX'$. ttz. 

Hhmmzj-)\,hM®tfvz&. 

[0038] *®wm&M&h*tm<7)* yv&vm& 

mxurmt. ^m&&<&&t&fcMzwimtitzMm 

?-rt-tfcvvt\ mmzmi}titz!&ftftm<rmM(D 
it (mx) mm. mmmm. ttzum&mmzmix^ 

[ 0 0 3 9 ] #$?&ajfoL ~7X9 (V^^)V) v>n$- 

t. mLRV&mzm^ztftxzxmzmmL 
xmzixbmmAZ'&h^hz-mhJktttth 
x**~ y ?u%mwiz : &m*jmx'k$> . *®mm. 
ztz. -?z?cD^?-yigizmmzmixmmz& 
mhtz#><r>i&&ikt, imztihw-ymzmLx 
w&z&wkmhtzMz. x-ftftm/Yijftiz&Mi- 
&&m&%XT- : sm®b . gmw&mzs.wz 
klx zmmmiximzti&i&com&tstoitz, 

7^-) i,zmm*imx'bz>. 

l00 4 0}mytms^^b-hTy^-f-(DX^^-y 
rmmtzit&mtimzxT- -?x ? ttAtws. 
zwiTmzim-f&tzisbnwimbtz zbvx-z s . 
hh^\t. m%3m.-t%bh774T-<r>x**-y? 

wmfrh. t>&-%cDftmzm$tz>tziibc?>m®ti 
xi>£^. mm. -ix-ntzitmLzmmmbx-m 
& LtcVh. -?x7z tzimmzmz tzitmmmz 
miz*thtz#>(DW£. (fs»« ) xf—^mmt ixt 
xw z<7>i%£. vx7itz\mfomm-hTm\i. 

«izttixm£ix^&zufti>. ®mtib mt 



[004 1 ] *mWllz£tU£. Ty^T-izii, mi 

hx^i. mivm&mz. min&mz. mmm 
ffitx^h. mnommi. mmzmmmmmiz 
mit>ti. x**-y?m (y*i6]) izb^xmas 
mmmmphffimimxmibtix^z,. mi 
nmmmt. m.<mm (±®> ^zumzmf^s 
tft&th. m2mtnmi. ^2coaatc 
zvux^z. m2cr>&mi. &m>?te&wf<Mm 

izmfbti. x**-y?-}>fo (y^[6j) izmzt&u 
a (x> izte^xmiminizm^rsmzhvxmi 
htix^h. m2<o«itfi^(i, mmcomftnzumzti 
musmmi-h. m3(omtiim. m3mm^ 
m&mmffiz-x^z. m3<n®.mi. &®m<D&mi 
mmmizmit>ti. x^^-yy^ (y^) tw. 
■&?hi5\ft (x^iij) izti^xmv&mvm&mfr 
hmh*wxwitft>tix^h. m3<r)m.\t. ttz. 

h\>mk*mxmt>tix^h. m3<rM&Mt. m 
mmnzmzmhm.i^-th. 

[0042] *W&mz±Mf. TyJi—lzlZ, 

tc. mi^mmzx^x^tii^tifzmicoz&mbs 
mz&wbcowicD-fixm&i. minmsimziix 
mmzti&mz. m2<n®.&Mz^xm!,ztitzm2 
cDzmz~tifmzmmz>fztbmn%b -,x*v- 
ymmtzmmwzxT-ismmzii o?i#s^ 
mwmtt&mmmizm-t 
z>m*±?>wmtf, &mnte&mizmmztitz 

b%, stnZtifz-ftib. imZtitzm2<?>ZQ.Wb. 
m3co®tiimzli^X®liiZtifzm3<7)Z®.S.blzg'3 
^X. Z-tmm&mt&fztbmyha-yktf; 

mibtix^i. 

[0043] *m%*m. x**-y?&mmizmm 
^mx-hh. zcox^v-yfmmmiz&^xu. & 
zmbxix?;*?- yey-mmm&mz 
m-thzbiz^x. ztz. mmmmmiz 
*f lt-7x ^ b mmm. b zmizi&mz z b «c 

[0044] *mwn<n>-Hmt, ®mmm<vtkmz 
b mmz*? l v « $ t'js^tta«sr ho «t ^ 
^ffiwru— b^i^t^t^-izm^mmm 
imztzvxmxT'yy-b. !m&£&±(omm.®<?) 
&*M££mmzmA-mzx7-'yy-bt:ffiz-x^z>. ■? 

Zti&£?lz%^X^&. *)Uy-b!&%&&mb£X 

*^-y?%W)Lx^mx\ ftftmrnmstm^m 
mwHzm&rzimz. ®m®<oM&mmi<mm 
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&WWUft (Y^[6J) iznLXm&tttft (X^[6]) 

i o o 4 5 1 k$ ( mi) mm. gumm. wmm. 
mztih®&%&%cr>itb')iz, mm. mm. 

[0046] 

[ y»£ifico^!$] 0 1 (i , *SBm<rM 1 c^ttfe04 
fcfc»t£^8tt£Sco£#cf8££*UTV^. «l<0 

mmmvmmjtmmt. wx ■ x^^y^^rm. 
mvM—x-hh. znftmryji—iz&^xte. 
wivi&mw-ytf. M'Nmuyx%£mi 
x. ¥m*?x'Mz®&zti?>. mm>Mm^yx% 

Wit . i!tfH:> b 'J -y ?»fc»*3*lfcR#*) 

&uyXMzttlx&MlX. x**y %tih 
.kofcft-sTV^. 

[0047101 IZKZtUzfflmi*. 1 9 3 n mCO& 

— f-%mbs %!jEmfrbm-&'vux%<mwzm 
fe<mmzmittbtz#><r)V-j*x.*xrtyy-i. m 

%<m#£M&Zixfzm&>Vl'X%Z ! %V& Zblz£r> 
X2ttfflm ( 1 * <y h<0«&<0£ftill) Mftfift 

b. mi2K±mm->hv)mwwxftz. -®%m& 
ttmiith'wxffi'Mizmx.-t&fciibcom&i'yx 

&b. x*-*-y?&%<r)b*<r)X**-yy-fimzn 

-i-htzvxnv^-tivfyjyY (m^mmm) b.m 

UZTjkZtltziy-l lb&ftUyX%12bW,ML 

x. vf-^ivvv^yYcD^nmnma^v^ivR 

[0 048] V^DVRte, *S«3IAfcJ:->T, Uf- 
?/Wf-i/'l 4T3d$§*VCV">£. l/f^/Wf-x 

I4tt. x**-y7mt<?>Wi. ±Ztcxhu—7X-l 
Xf-y'14lt 01T'1.T«*|6](C. 794 7-** 

J: 3tcft->Tv*s. wf-^^xf-xi 
4 is, a i wmizn Lxm&thtm&wc 



z&xoizmmtiz. 

[0049] XY^mztniiy^ffrXT-i; 1 4 

ta ( i fm) i nz£-?x. mwmizm%zti&. v 

—f'-^ff^XfA 1 7(i, l/f?/Wf->'l 4 CO 

m i6(ci^— ff-t'-ASritaj-rs. r-^it 

yXfA17li. SMftl 6(cJ:->TR»*nfcU-1f 
-t*-A£»t* <tft;b*>, «3ttt6) . Uf-^l* 

1 7fcioTjB£$;h.fcXY-ffiBftSfc«-?Vvt>f- 
tiVXT—imZWMth (V-Tt-f-tfzltX 
4 xa MM bote) 5*mmh. Ztllz 

i^T. Pf-^/UX-f-vl 4co^^-v-y^t!)i:^ 

[00503 \s+?)VR<rmw*9-yffi&<7>- 

^-y*»fe{iJ*IS«3tt*-A*«, 1/4 (t%hh. 4 

■ (7ftfc*>, ±KBi) K^(»iSftfc«*ttU^M 

^PLC07tttAX{±, R^co^ffiScOff/C^SrjioTf* 

l 203KWi:fc|SIWC^I.J;'5t:taS^>StiTV^. 
[0051 ] l/4»/J>»»W'yX5RPUi. «ROW 
vX*?fcflUtv>S. mUf. 193 

S^m^^cO J: o ft 2oO*ftofcttflA»fcfllR3*l 
tUS. f5li, K (pos i t i ve powe 
r) fctfil/^WiPlfititeftC, ±fcttffl3 
*13„ l/4«|/jNta»^yX^PL<OWyX3RWH« 

>wxffl%%m.mmi&zb#x'%z>. mmm o 

<OrtflW»<5>ift3KUyX3R 1 2(C^(tTc03tSltcRltT 

t>, mizm/fxizwmtbtix^h. 

[00 5 2] ^x^WJi, i> x ^*A^- (f-^-y^) 

5Uc«i:oT, ->x/NC0SjB (£fflffl) «l*Wttv^ 
•s. m&ffllrrv- h&H r s#, nrx^wwHH* 

v^4. mv&m&)Tu-h&HRs<omm(r)-&zii. *j 

-^H<r>±Mbmmmzm-^mbte>x^h. Ttex- 

3 -y h1IW«£feltjtr&j:«(c. tU JMuS^i>*ffl 
co-fey-9-co^ai^yh (i-tch-h. tiliiiti) ^x 
/ \WcotfelBx y 5>ottffl fcfflflRW) S <i"C V ^ i ft 4>tf. 
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[00 5 3] §£fc s |»ROfl|tt7'l/-h«HRStt, 
(Suwa(Cft43itfc)±ffi*ia*itt&4. 6 5 0. 
983fcBK*3*l'CV**J:3fc:. ^^^-tfflO-feyt 
tf>SW 7-t -y h Zmtthtzfr^WjWgTV- V 

[0 0 54] ^i/W-WHIl ZLXr-v'3 0 
fc»9tf»tfcivO^. ZLXf-y'3 Oil. l/4« 

rttt»ircsi. zL^r-^3 0{i, 3-?<oz-r 

;fil-?3 2A, 32B, &y32CS:^l,T. X 
YXf-i^fcrcOWt&frtlr**. XYXf-x3 
4»i. ^-X±T\ X^[6]&1< Y*f6](w 2 &7Cfc#iffi 
ttfefr-VOift. Z-7?f i X-^3 2A > 32B, 

[00 5 5] t>U Z-7?faX-^3 2A 1 3 2 
B, aV3 2C Z-Wm^-?-) <0«"» 

# Z;frf6]fcBI t*rt£W«»§ flfcfc&tf , Z LXf-y 
3 Oil. X YXf- if 3 4 t nffitWfTiZtmZtltctf 
fe. Z*m (-ffc*>*>. jJIOft£**i*1?3tfrtl> KJHfc 

fcU Z-7;faX-?3 2A, 32B. 
&tf3 2C<9#*A*, ZtfflfcJt3r**rtflt!HKlS*ifc 
&4>tf, -eiitci-jT. ZLXf- if 3 Offish m 

[0 0 5 6] XY Xt- : s3 A<K2&mm&. 

frvrnM^—r-seizx-iX^mzztih. mm* 

4j£-f &ZttfX'$&>J-7*:-f-%k'k%iX^ 
h. ig» ; E-^-3 6(i. -)iAXf-y'3yho-7 
-3 5tJ:r>TS«ffll$ilTV^. ->iAXf-y3yh 
0-5-3 5CI1, »»M3 l^RtffflcOX^Itia^Y 

TMt ( I FM) 3 3*^8MgftB* 5 {*te£ix 
S. 

[00 5 7] Witf. 6 i: LT'J-Tt 

-^-SrflE»T6XY^r-^3 4<0±fW(BHi, 19 
86*9fll8Bt4»B$<lfc1WWB»6l-2 0 98 
3 1 (iOTSRtt^^Ftt) fcSJ^SiiTv^Jrd^fc^) 

[0058] iO50fc«tWUT, l/4i'WV^ 



^77?i/x^>(7 ( i / Amwmvvxik 

4)^3O0fUS**a}iRGDU GDC, RX/GDR 

[0059] i#i<i>wjiiufl[ttaj*oa%. 3Su*»as*G 

DLfcGDRti. Xiftxy/SJl^tlfO^xAWf?) 

x^-yrmm-HHznvx. mmmmv 
&) zmt&xotzWLfcztix^z. >)xAwoi-x) 

^g-yMHJfc^^df+VSmtJKtfftfcfc*. X*-v- 

tz^xmmixtzMjmta^G d lru g d r<7)-# 

[006 0] UaPoT. flo£«!fi*GDLfttfGDR 
»5. 4 4 8. 3 3 2tc^§ix/cm^^tlJ^c7)5 1 ci3!^ 
WCfcWCtt, *BI«f»«5. 4 4 8. 3 3 2?)&£ti 

tfMJmtii&GDLRXSGDMZMltztlX^h, Z.<T) 

[ 0 0 6 1 ] 111 fcjSSflfc&iS&iiJ^G D C(i, >7x 
/\W<OflH ( XY^B) TJlfcfc&fcs 1/ 

^Mswwyxap LcommmcoA* 
^x-WMZtitztiiiiim yh tmtxvi. 

LfrLKtft,. 3iA«!ffi^GDC(±, 01T£T. 1/ 

4 «/j>»« u ^ p L*>frfli*>i*aMM ^ h tcani 
t, 1/4 »j>«»u yx* p Lmimtzmm&x 

[0062] *mmz u^tcm^Miamii. * 

77^^X^^ffimGDCt s 9cBt&Mj&$.iii% G D 

[0063] ±ifiUJt3^i«iaj^GDL, GDR, SIX 
GDC0>#*fcJ:oT&ffi3ftfc'7x^mo-»OW 

tiMi&IWtSttK) ( A F ) 

3yhD-^i^-yh3 8lcA^)$ixl>. AFnyha 
h3 8(i, m^i^tii^GDL. GDR. 

GDca^Gfc&sftfc&ajffffSfcS^vvc, z-r^^- 

iX-^fc LT(0Z-lEij)t-^-3 2A, 32B,S 
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V3 2c<7)&*tw)rtz>mmM.m%.i. z-mm 

s&-*-3 2A. 32B. W32C&mmLX, 1k& 

[0064] mmmntzMz. m^mmjkGDLm 

GDR<D#*Ji, DVfiMyb MM&h-tm 

HHBftC&ftftttSffiS (Witf . k i> 2o<0ft 
W.) Wti1to$4ybt1lLX\'>l. AFayhn-^a 

fflST'&ft.kdKfcoT^ft. 
[0065JHH=*3*lfc79'f"*— fci. -J©MtC 
Y^[6jtcXY^T-> J 34^l!rfl.ii:CJ:-?-c. x 
*^yXEft£^J:?fcf8i£$ftToft. x*-v- 

*>RH*£. H2*«ILTKW6. 
[0066] H2 *#Sfff ft fc . IW^/W-TVyX* 
LGafcf&^fX/P-Xl'yX^LGbtf, Hlt^Sil 

XjRLGbfcOHItefcfcl/O**. B»yV-V«WP 
att, H2K5j?3*lfcW-?;UU:"r. jfiKflfSBti 
■oXWfeZtlfc? U—M. (*) IzB&ZtlX^h. @S§ 
W->m®Pa\i. l/4«/M5fc0UyX»PLtf>ft 

[00 67] X^f-v-y^^T', V*9)VR0MW* 
•J-XtflfilfcSlW*-*. «7xAW*-JS8*Vw"CY 

«fcftofcX5x;friW££Irtft -r fc<k iXfthti 

ft. dOi:^ Uf-?^R£!&^ftfc»0/Waj&BJi 
ftlAO^ti. 02fcjjrf is+OVRcn®® 
M-yffl&P alZh^XX-ftfalZffl^TtfX b <) -/ 
Tit:temi8lzW&ZtiX^&. XUtolztswCE.^ 
(CttAl/O*. A<0JB«OIISa. if 

K»SBfcfflagW)SiiTV>*. 
[0068] WXBWBfc i At'BgSfStlft , 

gfr»WA?-y{i. 1/4^/Mit^pyX^PL (fttr 
?IV-T V >X& L G a Sl/m X;l/- X V >X& L G 
b)(Ciot, ->iAW(7)-/3 >y hfctSSAaTOttje 
ftBt. fiS 1 i LTlSfctft. U^^^R±<0[1]K^ 



ft. -eftKioT, xdf-v^y/wra^sti, xg-y 
MWBSAaKWftti^a 7 HBWSAblctfl/CR 

Aizimmi. #ihLTV^ft. 
[00 69] ftfc:, Xdf-v-y/^t\ V+9llRcr> 

Ox3 -/h^SAbfcSl3t-rft^t, V^)VP 

agvr-c^irtft. -eix, ->xawii risk, s 

»3*lfc*S I tC*tLTY«WV>f ^*#rtfc-J©»* 
VwT^»1-ft. iSSitVw/V rti, l/4»-Nft» 
UyX^PLW^/hitl/4t^§ilT^6. ±E* 

Sflft. 

[0 0 70] Hl&VH2C^$il/ia»T5-f-*— 

yl'RiOHB^-VfWPaOttaiM*** 1 . 1/4 
tt>MS»U:'X3RP L^|ilBfMSIFtf>lIgJ: 0 MsSV> 

fi^i otzm&)s*?Jb75>( ywrnn 
m&t i Amffi/ t ®w*?-yffl&p aic-sctti 

olizftiX^Z. Z<r>£o%m&. U^fjvx7— : J\ 

4tXYXf—>'*3 4t(i, ^xAWitfJ^g-y hfWS 

ft. 

[007 1 ] U>>L&#<^ t,L, >7xAW3&«R3fe<Oiai 

tzh-TfrizftWrtZKUf. Vxtwntoftr&m 
\i. is— f-^ttyXTA3 3fcJ:oTaS^tftit 

*H:»»LT, *<0«jR, U^/WRMTilftlilE-rft 
^ttctO, lAl'l^yXIPLCMt^i 

ft. WiJf. *<0J:a4£ffiffljE<0fc«>o^-fAii. 
#^¥6-2 04 1 1 5-*fcWHI¥7-2209 98^ 

tn^s*iT ^ft . zhiwrnmizmfcztitiim 

tt. ^{cJEtTffiffltftCt^T'^ft. 
[007 2] i>U Wf-^;l/X5-f VHmiDffmHK 

^^x*^b-rs^f.(f. x-Ai^yx^fSftftc: 

T, ■WS<xfcHP«fc«^4«!lrtWIW>*;i:*» 
T'^ft. 

[0073] H2fc:i!BKt*SnTi^ftJ:ot, 

^ttS^^KfclS^SixftCifc^io. x^f^-yXSI 
3tOBkOf-^MW5»i. YW^^fcLTIIIK-tft^r 

fl. -r^^s d^SfeW^fcaft^^Y-y/is^ 

[fijlcStfft o- y y?1jmz%!iXCD*.fto Z t tfX'% 
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[0 0 74]Hlfc*«lfc*UWW*GDL. GD 
R. RtfGDCtt. «itf. H3fcH>SS*ifcJ:dfcK 

I23UU «US«iaj*GDLai^GDC^)ffiB<0*^U-C 
tt, «UR«ajJRGDLfcHt«a 

titphx-hh. 

[0 0 7 5] H3t#flW6k. JSt0ffl*li}3RGDCli. 
2O<0ttaj«GDCl&t^GDC2*«iTV»6. 
|§GDCl&lA'GDC2(i. ttffi^-f f h (tttUfRtt) 

fc i wtFC2tf* .xhj 'yrmrWfiBwtmzti 
tz&s i wmfrbH&t &kjhil l c ±(c<aa^J6 

3*i*J:3lcR£8ft.'CVi*. * h U -y 7*ttT*3r#«o 
SWS*ifc*s i i/4^MS^i^yX^PL<7)P] 

»w«s»cpt. wan* (x*-(6j) t««urv» 

4. ZtKiOWHtiVIGDC l&tfGDC 2«. >>x^W 

*»7V-M*HRS) *)J:lW>*Sffil*' 

t4. 

[0076] -n. mm^ihGT) ut. ^mmmiza 

(rVC, 50C7)${ti2gGDAl, GDA2. GD B 1 „ G 
DB2. fttfGDB3£flU.TVV&. fcffi&GDA 1 N 
GD A 2 s GDB1, GDB2, &tfGDB3HL fix 
«l, (ftitfitt) FAl, FA2, FB 

1. FB2 < fttfFB3*flU.TIr*4. tftaWMyhF 
A 1 , F A 2 . FBI, F B 2 . &tfFB3(i. 
LLcfcW*rB«LLafcfflB«W>3ft-0**. CiX 
^50^«J{tJSGDAl, GDA2. GDB1, GD 
B2. &tfGDB3<D&*Ji» fe^LT, ^x^W (t 
tti, HWTU-h»HRS) «±BK*Jft6^yh 
<0JS3ftS^liOjM¥Si<aBfc*t$-4 Z-KfocDftW. 

[0077] fiJWLLc^KKLLaU. 

rifim {yum tzm^-msmm^xs^^tix 

*fc, giaiSGDAKOttaj^VbFAli:. 
^ajSGDClweiai^'f VhFClfctt, Xtffifcfc 

tHaj»GDA2W«taj^>fybFA2t. ^ffiSSGDC 

2^tij^yhFC 2 tw. xxmzaux.mm 

[0 0 78] 3O<0ttffl»GDB 1, GDB2. RtfG 
DB30l&titf'f>'}*FBK F B 2 , &tfFB3J2. 



* MJ 7 r«« * itf:<£ S I outs 

*>. t*aMMyhFB2li, S0S;fifc«S IofWB*) 
x*ftKfc»t4«K? (3tttAX*<ai>^yh) fcftJE 
-f4XJi§HaSfcIEB$ixT^4. l*Hi#-fvb 
FBI Btf/F B 3fi, ft»S*lfc<RSI<0X*|ftlK4Jlt 

6. 3o«7)^ai^yhFBl, FB2.& 

t/FB3£fsMLT. lSWSftfc«S I<RWfc*J|&*4 
^i^W»«BI«T<OJ!fcjaMI«:iai*T* 4 J: 5 fc& 
oTV^4. 

[ 0 0 7 9 ] H3 Ca^SftT^&V^&aj&GDR 
tfc, 3o<0jttt*»aj»GDEl. GDE 2. RVG 
D E 3 1 m<T> 2 ocoe?Jti#|G D D 1 RVG D D 2 1 Sr fit 

*-n>4. eiajfiGDDiayGDD2(i, 5^»ei{ti 

fgGDEl, GDE 2, &t/GD E 30X£|6K7)MIIfc 

CfcV^TJi. 12ffl<0«ltB»GDAl. GD A 2 : GD 
B 1 „ GD B 2 « DB3 ; GDCL GDC 2 ; GD D 
1 „ GDD 2 ; GDE 1 s GDE2, GDE 3liZ&iX 

m.<rm.^<r>mmm.t ixmktihmncvrmte. 
%w tn. mftzntzffk&mtfttizKmmt i 

X, 12lic0^aj^yhFAl, FA 2 ; FBI. F 
B2, FB3 : FC1. FC2;FD1, FD 2 ; FE 

i. fe 2 » FEstmai^fifc^xAwosniftSffi 

[0080] 1/4 «t/Jv»»U VXlh P LcoStfigfr £ 

asixTv^v^^tf, ±at^ i mm&m&i 

VX. jtf-feyf, S^.V'f 7a*—7?4 rco-^y 

ztix^z>%t>&. ^>^^^. s^^f^D^-^^-f 

[0081]H4(i, Hl&^H3l=$$iiXdlkjA8iai 
SGDL, GDR, atfGDCj&»feC0«taj<i^ (Stan 

-WO^ny^HHTft*. m4l,Z7jkZtLX^&lto 
fc. J^a^i!IUS»iai3RGDL<05Ot0ttaj»GDAl, 
GDA2, GDB1, GD B 2, StfGDB 3*>^0^ 

aifi^^-rt. isius«iaj»GDRo5oottaj» 

GDD 1 . GDD 2. GDE 1 , GDE 2. StfGDE 

3*^oeiai(i^^/i'-7"(7)d hn-Uco^-r 

i)\ V)®im5 OlzXiXMIRZilX . *<MtoMm 

[0082] WWil\B\$$5 OH. {2HStfl!l!]S& (fiB^ 
-^-0K) 5 2*»fe.tt»Sfi6 (*|6)OES'JO^mS- 
f|-n«8UfI#SSlfcjSI?LT. ^A^til^GDL 
ftVGDRW^%<0-^r*»feOg^a»W4. fiS^ 
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$13855 2(4, ?x;vxf—i;:jyKD-5-3 5a><3 

i£8ELTV>6. 04fc^$^7tft®tt}^TJi, 
EB85 0J4, ^^tli^GDL*^<05o^aifi^S- 

[0083] mm® (mztitz&s i ) izmz>%. 

i^ffiHGDBK GDB2, &T/GD B 3*>£><0$ 

ajfi^kt, misfit Msnsfc *■ mi-z>™ 

<n% 1 Oftgfl 5 4 (CftlftS . 1 Ottfffg 5 4 
(4 . It 2 *>it»fttfEttlllK 5 6 fc, 3 ooStaWM y 
h FB 1 , FB2. atfFB3T^teKKWifc*x 
; Nwassffit^ftoftMSji a z f fc h a t 

DTI, DT2tzmi-&. 

[0084] -2u 8?ajt§GDAl&J/GDA2l4, & 
2<^H-W4WBttE]»5 6t, tif$8ZAli:ffi$ZA2 
fc*«»&fi. flWZAlll ®ftX4>hFAllZt3 

mmnnztiLS mA-ftD mix\* 

*. ffi$8ZA2(4, «HJ^>'hFA2fc:8Jt6*ffl<iO 
HESffiB Mjfrftl) **LTVi4. fl|«Z 

AlRlfflHBZA«Ol»ajtt. 3o<0$aj*|GDBl s G 
D B 2 , &^GDB3(Cj:4'>x-'N«ffliWtt{Bi:R^t 

[008 5] mHr-^DTlSU f DT2t, ff$8ZA 
1 mi A 2 1 . fcaj^B^ttfiBHSff fcS^ 

DCl&tfGDC2<0t&tl};JM VhFC 1&1/FC2T' 
«as$ii4*&*xAWW«;&ffiB*>BiMAZ l&tf 
AZ2£fWtl>. »2<0H«RVlEttigB5 6tt, - 

b#w{c, tf»§it^gm<iAzi&VAZ2Sriei§-r 

[0086] BgHlAZl&tfAZ2^SlJ*(4, 
ST**, tfcfc^, fcS^fcaj^VhFAl&tfF 
A2-CVWfcR»lXfcilfc'?x>NW (*fc!4, Simeon 

<o«!aj^yhFciatXFC2fciijai-fst#t, $ 

SJSGDC iai^GDC2KJ:->TttaSS<lfcflHBZC 
ltflH8ZC2*«. gS«AZl&VAZ2t^m 

Zf t^MSIIATxJl R3KfflBT-tfafc$r&. 
[0087] HK, 5feSS^ x A±<7) Y^(6HC 
WtifHW* 1 . 8UIMRSI*«Jt3CS<i*lt3lfifi«fc:S!Bt 

[0 088] Lfc#->T. ffiSlgtiIlIH5 2*>A>ai*§ 



flfcff-f S S 2 trPMH LT . S 2 OWMHfiB* ESS 5 
6«4. -B#WClE1S§nJtl®fiAZiai/AZ2S:« 

[00 89] ***-V7-tiHziiVth. ®$msi<?) 

mztfmtiMtrsL trxHvriftmiTz**** 

ftfc, B8lLLafcj&^LLcfc<0iaoY;frflfcfctt 
S>H&i (WAtf. S40mm)5, ftBftS I (OH (tt 
8mm) TB»f6£ifcJ:oTftMlfcRiaW&*S 

5m) <ob«*az ia# az 

^t. »2«tt*RtfIB1«3IB5 6tt. JfcAftfttiJL 
(FIFO) ^JSTBflM A Z 1 &tf A Z 2 fcEtt** 

[00 90] m3Wf1-*&t»[I18&5 8(4, {SBi^! 
@SS5 2*^Ofi^SS3tC^LT. ftltigiGDCl 
fttfGDCZfcJoTfcaiSilJfc^xAW ^ 

mm&jru-hmRs) ^m^m&mizm-th 
siaji*azciavzc2*iii»ffi6. % 

(mztitz®si<?>&w.) izmmi. 
[0091] miz. ^mnmmmms s\t. 

»20tMIRtflEttlil»5 6*>feffi*8#lfc (n^iaa 

twj&ts ) aiMA z i RVA z 20iT-**mfi& 

4. -eLT, &3cofl-g&t»|I]S&5 8f4, ^iUffiffi 
Z C 1 &tf Z C 2 1 S^ffl A Z 1 atXA Z 2 fc ^S^V^ 
T, Hlfc:*SflfcZ-IH»t-^-32A, 32B. 
Mf3 2CK«iW*W»* ({aBHlSi5^*^JKPfii5 

o») twKioT^srr*. <xv^% w>3<m% 

Z-»^-^-3 2A s 32B, AV3 2Cfcai*r 

[0092] mA0)\ztA,z<7)i&immi. mwrnn 

[00 93] 05(4, milZ7jkZtltz*.0%Vx">*>l> 

f-co^si&m^tifcm^comsfjy'u- h^H r s 
mmmmi-^mmxhh. znmmiz&^x. 

^ s a n <o d -^k^ x a wojgias tsa § tut V 

0*^(0X3 •yh^SrX d f+-y^*1-|.t^fc> ^ 
< ojj*»IM*ttll#-f V h* { s •> x AW^ja^fflOt 
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[00 94] mm. H5fc^S*iTV^J:5K. 7V 

MxWtoWSLtoi/v v hWAS A 1 tf. tSEH^S 
*l*fc#. $H^«058tiB*GDL (SfcUGDR) 
<0. *(C**3»AttaiJK-fVhFAl (ifcttFDl) 

t . R*ffia<ojsftjS«iaj*G d c wfiiaj ^ > h f c i 

bit. Vx'\vraiM£.Wfrtib. ZMte* MA^h 

^m^hmmnozta. mmtsmx-hi. 

[0095] mttomShTU- h^H R S<0±*«fB 

it. *0>£5Wte£* mn^MA^b-tt^hmws 
^mz-thztx-hh. 05fcj*§ivt^3>J:5te. 
*7 iy\WOWB(cafcWlfc*aj>K'f ^ h F A 1 ( 

fdi) kWB^yhFcm, WR<o*iiftru-h 

[00 96] iOftftWfcllWii:. ->iAW(^I 

h F A 1 (FA2) , FC1 (FC2) , RlfFD 1 
(FD2) t»«-*-4IWB«fflrtT, Sl^fctfUSJ-T 

mtimmta^mmmmmK mmnx^i. 

HC, S«COlffil!)7-W-hSPHRS<oaffi^xAW 

»7'l/-ha5HRSORJt*tt. WPO (x'Jny) V 

Hitf, S«<0fflB!jrU-ha5HRStLT(i, & 

[0097] (<)iA*^-WH±«) ^lAWi*. 

iu^ajmGDLO&ffi^yhFAl, FA 
2;FB1, F B 2 , FB3(i. ya-zMSSAlC 

as i <?)Yifmzm&iz'pMznm-tm£&LLc 
b. mmmmDhmtn^ yhimm^n&m 

LLakVfSnmm. DLafcU ttz. SfttRLL 
c i: , flfcfr<0Su«ttaj»GD Rco^tfi^-Y y hiMEHS 

IStWfc*{V%Ttt. DLatDLbli. DLafr'D Lb 

OtlO^iAW^Vw*^. ?xAW±£7)&i55fc 

(i. At=DLa/Vw(#) t^oTlM). Lfctfo 

T . gUffiA Z 1 &tf A Z 2 *-BW9tlEttt4fcft« 
SHU. ?4&yV (mmti) Atk*Uttfc»L< 

[0 0 98] SESIDLatSHSIDLb 



{J. OflKfifcTOR-tSlMfttiUfC, DLa 

#D L b fcHflXfr o izfflRt h XolzLXb 
X\\ W?£X'i>%<. *0>J:3fc*£fc*iVvr, m 

fflAz iRifAZ2<r>m<ommmmit. ^m^mm 
mtx. m%&&Z£®Mztix^h. 

[ 0 0 9 9 ] _hi>6 Lfc J; 3 fcflbfcSiifcS 1 ^Hife^JcO 
fl^£ir*i:*/l<Hffltt*)f1Ufl*. H6A^rV>L06D 

z&mvxmw?&. me ah. m5tz^ztu-zx.o% 

^xAWO^jS^g ••/ MRtfSA 1 *X**-y?K% 

LTV^ra<o*i^k:*Bl»JS(uS«aj*GDLtJ:o 

Tttajsnfci8tt<osi»ri'-haJHRs<o±H«BBw 

2>. 

[01 00] 06A^V^LI16Dti3V^T, V 
BFPJJ:. l/4«a/h8U»U>XSRPLO*a^rtauSiffl 

h f b i x-^x '^mwziimz&v&Q.'gimfttz 
bLXAZK\z&mm**\£))?h. mm 

t. e!aS^>'hFB2&t;FB3r'>xA^B<0Z* 
fflfcfetti^W^fctftaVf *8tii}«GD B 23U/G 
DB 3(i N ^HAZB2&yAZB3$r*-tfiltbft^Sr 
SB*-f4. ^x/vSffl^fta^^iHBFPiOtTfc 

X^&. tti. ^x^*ffl#ft3S&guSffiBFPJ:9i 
US. 

[0101] ^il^(7)i^AZB l s AZB 2, Sl/A 

z b 3 oat* . m 4 c^s i m»Rvzmm 

5 4 ICA^I . IS 1 <0tWftt^E1ilil» 5 4 i 

hm®sAuzm&%ffi*ztit:m£#<7>. H6B 
(c*s*utifi«ifiAPP (nisti. jgMmi) zm-m 

MiilAZf kf-/PMJuyiATx'Cft4. i<oi 

5fcLTft*?^m^iRHftAZf fc^M^HfiA 
TxOlli, f r -^DTlSU r T-^DT2t LT, 

2 con-flcai/ieiiiniss 5 6 tea* $ ft a . 1 <osat«t 

^(SlfcfcftS («WJsK >f V h F B 2 t«i6t b ) 
[0 1 0 2] fliaiSGDBl. GDB2, RX/GD B 3 
GDA 1SIXGD A2{i H ^JU^ ^hFA IR.VFA 

fflfrrv- hgpH r soaBoziaa^MA zAiay 

AZA2£|S]SH;:iaft-t!>„ >IixA>^llAZAlSl/ 
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A Z A 2 ti, £ 2 cOttKat/ieiiSSS 5 6 tHW fclE 
tt3ft4. 

[0103] COttHJ&WEttWlM*. 126 Bfc^Sft 
1iX 3 SrififtBBA P Prt>\ a 6 C isftSiifc J: 3 $r£® 
«JuftBBFPfc-SW*J:^WIjE«*i*i:-rfti:. 

-)zA*;^-WH*i, JH&t££«AZf = 
0k&4J:3{;:. 4fc. ^MSM4ATx = 0fc^S 
JC-3IC. Z*l»!»^n'hjBWSnflIfclW«5<i6k't6 
k, S20ffWatXieiSHlS85 6{i. T-?DTlfttf 
DT2 (ISltSAZffttfATx) k. fcifclMyhF 

a i ax/ f a 2 -cm teres <ifc znm a z a 

1, AZA2k. i/g-/b^*S<04>*!K'f>'hk«iaj5Jt 
-< y b F A 1 ftt/F A 2 k <0lS<0X;/> fat** W£ 
ggJgDSkK*^T. KWlsK-fVhFAlTWIJSil 

t*&zffiSBMAzifc. m&m yhFA2z-m 

WJISftfcZffilBMiAZ is 

az -wttfc»2<oitti»iflKttGiR5 6 we 
«s*i4. 

[0104] AW±ojfeBl»Sft>!:««*t|t3lMaai 

ustduji-ifcftt. «aaiGDciftVGDC2*ffe 

fcJ:d4«mfc*6 j arfetf. ftfflftGDC Hi. ftffitf 
4 y h F C 1 •C«OZffiBgm£***ai<i#ZC 1 2:* 
ttffl»GDC2«. ftiftfMyhFC2 

-eozaggui* «nnasflt#z c 2 * awr*-* . 

[ 0 1 0 5 ] Kvvc, 83<atmfttflB»lilH5 814, 

eiajUGDc 1 aixGD c 2^fttft$nsiMUS^z 
cisvzc2<7)ffl* 5 , **mu aEi/csi2*>tH* 

tfAZ2fc»L<fc4J:3fc. -)xA*;^-WH^Z 
*[6ltcfcv^Tf-;UhftU !: /*^(iMjtai)^*'l»^^ 
3^Z-7^fil-^32A. 32B.ft 
tf3 2CJB<0«ffl*£fttW-4. »30ft*fttfB»@ 

s&5 8(4, mmmztitzmmmzmt&m^z . z 

-7;fil-?32A, 32B. fttf 32CtCftte-f 

4. 

[0 106] ^x/nW(0±BBWv3 -y MHKSAlli. 

ttiiz «*ffirc. «a«rt»jjsiiB f p c-r 

[ 0 1 0 7 ] £ 1 <^>|S*fifi?«ltC tt ^ Of^S&^fS t= . 9t 



*t«aj<i#aj*'f-4j:3t:asi (*ge) £ft4. l*> 

k«iS»t-*4„ ftfc. ^^J^iaj^GDL (GD 
R) (CtSlt4ttai»GDAl&tfGDA2 (GDDlft 

i/gdd2 ) k. mftmm&tiimG DcisycD 

C2kOia^ai^7-(r-yh* { . R«»K^xAW 
4. 

[0108] $fcbf§G D C 1 tf-VuCDMim 

1 (GDD 1 ) #-tfn«tftU5»8£tt!fi-r4Z#|tlC*$ 
tt4®§(2Sk<7)rac7)5r7-t-yh<lS:, ^iA*;^- 
WHfcRJtfeft^ftSt^^rw-h sag 

LSBtW-iiaCLTfciV^. ClOflfflli, tffitHRS 
4 fctdflBS H R S k tiSiJftcDffi^ffitk "t 4 Z k A<TS 
4. -eo&U. Z-7?fAl-?32A > 32B. ft 

lEHSiut^Hr-y NtttcJ: 9fi§iE£fT3 .1 k#T 
#4. 

[0109] *wmm&2<mmmi.z®bhi&MRV 

^-iWtyWffi&i , (WC H7fttf08*«SLT 
SMB**. SS2<0gSJtWfcWLTIi, 1/4&NSMI' 
yX*PLOPBB«IHHfc:-Sr*iiifiaiMllsl3&«. Y# 
fpj (***-yf)jft) t*jv^Tifc««fc*&«r«bMB 
fcflttTfcO. *iUCj:->T. «7xAW0)£Htf>Y2n6| 
A^^h^KHi, t=5r^*>. K-yf-y^ (ttNfth.) <o 
fWJfc^afcAiiS^&s&K*** 4 k <^ 3 ttatfSSS 

[0110] K3K(iBB6(U^aJ«GDC 1 ) 
tfiWt&fiTfcO, H7tc^$tiX^4i3^s Kftfi 
WIUfiffllfflSGDCUi. 20<9&aMM>'hFCl a 
fttfFC 1 bZfatX\i&. ®#,tf4yhFC 1 aMf 
FC 1 bJi, I X t)±.T'YU[(ittZti^xm&® 

LLcS-4"DkUT*f^tS!S$iiTV^. ^LT, t> 
3-o<7)S3tffi«l£&tiJS§GDC2 (la^-t^f) *^ 
IS(t^iX-CV%S. il3t{aa^^ffif§GDC2<4. 20 
<0«iKiK-f yhFC2aftt/FC2b*fliTV^. 1* 
HJ^yhFC2aftt/FC2b{4, Sf^SIJOT 
T'Y^ri6](cfcV^SftllLLc$:4>^k UTWBsKBl 

*JHUftlWB»GDA2 (BWf) k* { ^tf>nTV^ 
4. 5H«»mjiS[«iai»GDAHi. 2o<ottffi^yh 

F A 1 aftt/FAl bSr«liTV^. fctfjtf-f y h F A 
laftt/FAlbtt. Y^HUCfcV^TlWILLaS^ 

kLT««5fca«s*iTv^. 5tif^m^^aiSGDA 

2ti. 2-P«0^tii^yhFA2aftlfFA2b5-fiSx. 
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X^&. ttliJ^ Vt*FA2a&tfFA2b«:, Y^|6j 
KfcWCljSILLa5:4"l>i tTtt&KSBSfrC^ 
6. ftt£*«u£$tfi3§GDDl (HSHff ) t 

M^U&ffctbtfGDDlJi, y 
bFDl a&lXFDlblrfii^TV^. ^ffi^yhF 
Dl a&tfFDl b(2, Y^{CfcV^ttHLLb5r + 

D2(i, 20^ffi^yhFD2aaK f FD2bSr<l 
iT^I., «Uti^>hFD2a&l^FD2bti, Y£ 
fafcfcVVCiStSL Lb LTft&KIEB^ftT^ 

[0111] ftfj!^£u£$liS2§GD B n ( n = 1 . 2 , 
3) (0^?) fc. ftt^M&iJSsGDEn ( n = 

1. 2, 3) (M^itf) bt>\ ttz. mititlZ^ 
t. ftfj?*lu5taffiS§GDBn(i, m.tt<7)®.\X,X4> 
fFBla. FBlb;FB2a > FB2b ; FB 3 
a, FB3b2r<fi.TV^„ 5t^mA^tb^GDEn 
12. ^im^tfi^^bFEl a, FElb ; FE2 
a. FE2b;FE3a, F E 3 b ZffisLX^h. #*f 
OftiKtf'O'Hi, Y^CfclvCSV^piftT-Jg 
cordis £ £> (tT IS It A>*lT V i ft . 

[01123 mi ^Tr^ntzm^ktami. iMitzm 
icr>mmmkmm%ifmx\ ^yr^^ajSGDc 

atx ) frffiiw^c&g&piffa (t**>%. a 
S€Azist/AZ2) s-s^-fs. -ent.fcoT, n 

[oii3] znmmmizti^x. m*i&mft%G 

D L ( GDR) tmmSM^Mtii^GDCb^ 

nz&^x~imMK\mmmxmhixtzmm 

nm&XJyh (FAnatFAnb ; FB n at FB 
nb;FCnatFCnb;FDnafcFDnb;FE 
nafcFEnb) ZffilX^hZbfrt,. V-/j-y?U 

mz&vhftm&ztiti^a v vmi.^)VYW&mh 
Tyii, Ymiza^xmmmmfmm^yh 

(. ,.na,...nb) X'<r>Z&WM&eM<r>£5i 

*^e?aiT'^. tfz. i-ivbmm&AT y*$&y 3 ? 

hffi&ffmWB#ZffiEt&<?)l l z£g%mgiiM. 

BSfflAZAl. AZA2) (i. ^77?y^M 
SsGDC l&tfGDC208?ttMM>-l- (FCna&Z/ 
FCnb) T'W£T-£ft. 

[0114] H3 fcvSflfctftifrK-f y h F B 1 , F B 

2. at^FB3T3S(U«fflaiSrttai-f*fc»<0«lllJ»GD 
B1-, G D B 2 « &tfGDB3»i, l/AWi'Mmvy 

xjhp^(r)Tnmzm^thz.t\zi.'>x. sv^aa 



t^fL^.3-5C0^ajS5GDB 1 , GDB2, HXfGDB 

k fb2. ar/FB3m^fifasr^ffi-r.&i5tfis 

fi£-r ft Z t ¥X'$ ft . 0 5 fifcflBIMM V h F B 
K FB2. StfFB3t^tM**to}^ftfc*0>3 
•Of^fflSGDEl. GDE2, RtfGDE 
rfcWLTtRlfcii:*»ti4. 
[01 15] 2t>lZ. 07fc*$*lfc6o<Ott{ij:iMy 
hFBnaSl/FBnb (n=l , 2, 3) X-faOttM. 

6Oi0iliJ^ yhFE na&lXFEnb (n=l, 
2.3) X'M&tffiZtiL&tl 6^(0m^(Oi&ff)^JU 

-rizmix. nimntzMzim^tt^yxm 
ms*®m.Lxf&tozmmh. 

[0116] 08tt. 07TY2r|flrCJtfc. ftf^^X 

t^mt<m<r>m.mmmmmmx'hh. 

ffit, mUZTTsZtltl. 60<7)&tfrK-f )xhFBna& 
t/FBnb (n = l . 2, 3 ) b , 4O<0«aj^>'h 
FA 1 a, FA1 b, FA2 a&U r FA2 b ifCfcfJSSL 
T^ft. Lfc^t. 08Cfc(tft?x^W<OX=*f-v- 

i>. H7«v^tf/C£<otiarcx.*i6itt5^'c-?!itE 

BSft£50<7)$tiS<1M>-hFAl a, FBna (n = 
1, 2, 3) . &f r FA2a#, H8fcft«LTwS*l 
TV">ft. to lO^iJ^JfriM ybFAl b, FBn 
b (n=l , 2, 3) . &tfFA2bti. (08£>Sft® 
(cSLT«3rfft*tofc:t$vvO socottSJiK^yhF 
Ala, FBna(n = l, 2, 3), &tfFA2aK 

inmyhx-mAiZLmt. tmuymtx^xMi 

[01 17} H8fcjRSnrv^*J:3fc, (C^J^. 
(f. JBt^-f*-!*. U— f-^-f*-]*. Anyy5 
yr^ri;') **triSRB3K^*8 0 Afrt><V>ffi&t I LF 
v;H-.X'J 7 h 8 1 Atc»jfiS<ifc 1 Oil 

ZbtfX-%&. 10 <1<7)/JnX 'J -y hti, >7 x /nW 
tR^Sitfc 1 OmcO^Hi^ yhFBna, FBnb 
(n=l. 2, 3), FAla, F A 1 b , FA2a, 
RVFA2 btWJSLTEB^nTV^. /hX'J y 
S3S3fc(i. VyX^82AtRWM83At$rffl-5t, 

m&<oftWi uyx84A Aat-r s . *lt, msw 

y%S^tr'JXA8 5AtJ:oTfil*]$-ti-^ix. #«!aj 

x<f y hizxv .y 

[0118] OA. vy^X 'J «y hTU- 

h81A. U^X^8 2A. RW^83A, m%VyX 
8 4 A , ai/r 'J XA 8 5 Att . «A«3K^ -f r<0JS(Ufi 
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•?>H-XV-vh7U-h8lAfrL>'}±^Wt l Zbt: 

hm<o$m.it. v habeas *ifc#9*>±# 

B 2 a ( ifcttF B 2 b ) ?fifl&*l*AX 'J 7 btttt 

[0119] 9xAW_h0)#tt{iiiK'f V rt'Klt£*l!t 
/M D 7 MS«3t<0R«jfcli. r 'J XA8 5 B . 
yX8 4B. KWM8 3B, Rl/UyX&8 2B£m-o 
X , SftX 'J ? h 7V- r 8 1 B-CStftt«§*l& . 7 
'J Xi* 8 5 B , »^kyx'84B, RttM83B. SIX 

v y xik 8 2 b (i » flua mess 

§*lTV*6. ISMW+XV f VTV-YS 1 A(CfS(t 
ftfflO'hx U 7 h A>\ y » u- h 8 1 B fc# 

IfcSftTV^. i*l£>«S*ffltfVj\Xy 7 rSrfraSU: 
58l36H8 0Bfc:J;r>Tg3eS;h.4. SftlsIS 

8 0Bij. mmftrnkftrnTtKix^z. 
[oi2o] %mm.s o B^mm^mmmm^b i 
x, 1 oaowtwaaj*?**, ^^±(omm^yb 

XWMk&QMZm* fcWUT* £> i 5 £ . SftX 'J 7 h 
7V- h8 1 BCO/M'J -y h<Dffilfc*fiBbTR*tfc*l 
TH*. gft§S«80B, gftX'JyrXV-bSl 
B, 1/7X18 2B, Rf*i£83B s *fUWX84 
B, RVTVXA8 5BU, MJtMf 4 rnMtiWi 

jL-^hco^^mim^tx^h. m8i>z^titz^x 

AW*>feg*xy 7 1-8 1 Bt|6|*»^3H»OlS 

tttt. *xAWfcJ:oT»SWfcR»3*ifc'J\xy 7 h 

yhFB2a (4fcttFB2b) *»4>53t^'J vhXU 
-h8 1 Bfcfl*3*I!«fc*S*3lfillRS f «:*fO> 
4. 

[0121] H8fc*snfc«ai«Rk5BieRtt. 

s*itv*4. 6M&o»#ti« i/Am^mwxik 
PLcouyx^u)^ am) izMfrz^mzmfezti 
x^h.m t-mx-ffifS. ztitiM -mMjtm&z.- 

7 His l/4«/Mft»P^X*PL^)R«ffl|tSaS 
*ltfc •) . mUZntZtltz 1 OfflcO^JiJ'-K'f y h F E n 
a. FEnb(n=l, 2. 3), FDla, FD2 
a. FDlb, RlfFD 2bt, JStU£ffi«£ffl«fct*ai 

[0122] H7 IZvkZtltzmii-ftntkitim >hF 
C 1 aRVFC 1 b k , ffiK— WWRUMM >" b F C 2 
a&tfFC2bil£HLT. 07OY^(6j (08OS£ffi 
fc*fLTa3W4*W> fcK«S*ifciM&iRfc£***> 

&«*G?mxm?4 7<?>i&miiiJL-vut. i 

/4«'hS»U>'X3RP L<0X;fr|*iefctt4WfflfcRtt 
6 i 3 fc LT t J: \\ MAftlZm y h #0 5 fc*3*l 



1fiX-%h. 

[0123] ate, *wmR<r>uwmjteito<it/*)vy 

ayyn-)\,3ktmmZtlhX**-y7Ty41r- 
£ . 0 9 tT*HylB^c7)m 3 0$ltff|£ L£#o 
TR9W4. COHiSWi. fltetf. ES 

3 0 0mm*4V^i-tnJ«Ui«)lSg**t4««EfflOX 

yyTv4i—\t. \x {-s-ttb-hifen) mm* 

4Vy (Dyson) ^-fr« (*/f^7h'j7; 
son) ^>f7'Og»IS<iafc<0^V7 r AJB<0 (ifStM 

^*) a*-&fc*T»iRsnr^4. »isbo^ v 
r ( -r ^-xh y 7 ) - 
^ryxA$5-PMi&ypM2k. vyxik^h 

lk, BOiMMRlfcSrflli'Oi*. »2RB«^V 

y? Arwmw&Mt., -^cor'jXA5 5-PM3 

&t^PM4ks l^>-X^PL2k, D3tB^MR2k5:{B 
iTV^4. ^Jrd^T^-f-t- tt. (Swa 
nsonttk*tCf+4Sn^) #fflftit!&5, 298. 9 

[01 24] B9 £5*3*1*1:794 t*JV^T, 
v-t;P7V-hkLT^t^>*ut-7^7Mk. 

w.tvxmthiiftrv-YFUi.. df-^y-yxioo 

t-#ttfcSfifS*LT^6. IX (#-Ofg$) <0&§£ 
3t*«oatmiK=«LTH9TJlT*^y 7^1 0 0 

PS-x=Jf-vy (^S) tSi9t«iLJfiM 
4C:kt«t-5t, -^A^MtcigH^^^-yfi, i 
x (*-ofg^) <7)iES:«kLTTi/-hP£!fi?$*i 

[0125] ^w^4 rnrjA •)•- m?m%%&%<r> 

7-'JXAS7-PMl<7)A»fflk7X^M^«ffi 
kc^HPSk. 7"yXAS7-PM40aJttfflk7*U-h 
Pco±fflk OiaH*ft/W»tt4 <Ik£J:0s tSftttflg 

(S^ojRiiav®T-fXh-^3 v (ftSA) )o® 

«AXlftt^AX2±tffi«S*lfel/yX»PLiaV 

*aWW4^ftt, 7''JXA$7-PM1 t-?X7Mt 
<7>ffl?>f3mt. XDXA55-PM4kXl'-hPk£7) 

ra^rapgk . zm-t &zt tf&wx-i) h . 

[0126] ^04fc®^#«UT. Z0)®mizXr>X& 

i&vi-juhimz? mwm&m 03 > * 

IS2<D!!Sfefll (07, 08) OJ:9=5:Sl3KCil7r77^ 
xX?Y Xco^^Hi^G D C k 5tS!*&£$ai&G D 



(19) 



ftWl^l 0-1546 59 



LRVGDRttf. 19(C^J:atr'JXA5 5-P 

.to. Tu-hPnmkmmmmBF p tzrv 

XA S 7-PM4 0«TOS3tfi[gTI5lt-a$ £4 

£k#?&s. 

[0127] 09(c^$iX!ti^(c, 5fctS*& 

jSttffijRGDL' StXGDR' fc. Sgftft** 7 7 ? ^ 
X:MXcoM£^a^iJi&GDC• VX^MKEtS 

idfc. v*7Mnrrr>;xA5 5-PMi0>J9HfcK 

>JXA$5-PM lfcflf 4JH9i3fcI L-CJH4>S*li-7 

ztik®#Hz, zjrmztm&b-ffrz-m (mm 

* > Xt < 7. ? y xrtf»tJttfifc«JJrfc»jSS ft £>&3I3: 
)VR<r>mm) coi-jvh-rti 

[0128] UrtfoT. m9l>Z7jk$tLtz7y^i--<,Z 
fc'WC V^^MW- 4 o T ftjl 

[0 129] 09(C^$il^T7-f't-{i, 7^Mfc 
XV- h P k 4 5 ttMfctS £ fc 

0*T**. HlOtt. x^-yXT^X- 

(4. SiKrflfclWt&ixfc, •t%ht>®m<v*vV 
mmtT^h. W&$0)*-vV-viS\t* 1X9M&V 

T\s-ypim.Mz (-rtcbh. hhso «» 

U ®&%&mzttLXvX7MWT\s-hP 

z-ftmz&mzzx, x* % 
3S) T%&£oizLx^$>. znmtx'mejiMzm 
ztit:-?x?MRV7\s- h p &rt&x**=.yy7 

541— tf. mUi. 1«IPP8-l 6 24 0 ltBHwS 
tlX^h. 

[0 1 30] 01 OZPffif&t. MW.Z74TC0X* 
*r ~>y7v 4 Wfe^-Xl 2 0A±(C 
tttfLZtlXWh. ffifc^-X 1 2 0 Ali, 1 
2 0 Ac7)4oc03-^-- gBt 7nTtc7)ra^ : i£$ii^ 

mimmt:ffittz7vTizmmtix^z. im y?v 

-ASP 1 2 1 AStfl 2 1 BA\ SH^fi ( X^T[6]) K 
£R*4 J: 3 fc. fflje^C-x 1 2 0 AOMflBSSKtSUtfc 
*ITV>I>. V7?M*\ 1M K 7 l/— ASP 1 2 1 
WfcK»tMvCH&. XU-hP#. 1MK7W 
-Agpi 2 1 BOrtflBCWtfefiT^*. M 
PgPtflM K7U-A&1 2 1 Afc»j£SilTH&. If 
4 K7L—AgPl 2 1A<DZ CO fflnmzli. WRi-v 
h 1 2 2<0imtf®*<?)Z o KJfASflTV**. gBIBa 
-"/H2 2li, S3fcBjaJH^tr?X?M«:SB4> U"7 



[ 0 1 3 1 ] iJA H^-X»l 2 3#. 1M K7U- A 
SP1 2 1 At 1 2 lBtnmX'X^^-y^UJfll (YU 
ft) {C^-tiidt. HJg*-Xl 20AfcR»t&*l 
TV*&. 200lof<W K1/-;H 2 3AW1 

2 3B*\ m^n^Yijmzmktixoiz. m 

K*-X»l 2 3fc#dW#lTV*4. ««***y 

1 2 5t>K Y-fimz@.m&®x'% hxoiz. a a h u- 

;H2 3 A&tf 1 2 3 B±T\ S5#^7 'J y X^&Stf? 
IW<TyyXfcJ:oTj89§*i.To4. «K&**'J 
•yy'12 5li TOCISS§^2'py-r ; &-^-l 
2 4A&tn 2 4BKJ:->T^«E*tY*|«Hd|BKl* 
*U>. 'J-Tt-7-1 24A&1>'1 24Bii, Xf-f H 
^-XSPI 2 3KBa3eS<utH«^«:flliT^4. 
[0 1 32] mWZ**0'-;i;i 2 514. 7^?»t 
y-yv'SSl 25AtXL— hffldr-v'J yx^l 25Bfc 
Srfii^T^S. ^^W=«E-r l J-y^l2 5A{4. 
?M£fiM#-f 6fctf>fc- 1 M H7U-Aail 2 1 ACOrtfflJ 
X-mWtfalzm&ZtLX ^5 . XU- hffll^r * U -y 

1 2 5BJ4, XU-hPt««-6fc»(C"t^ K7U- 
AgPl 2 1 BC0ftWVmiM3ifo< l zBjii.$tlX\->&. ~?X 
^r-X;H2 6A*i, VX^fO^-v'J'yv^l25A 
tRft^flTV^S. 7X?f-^H2 6Ali, -?X7 
Mgrft^U^t, XY^ffiT'X*|6]4/i»4Y^|6]tV 
X^M«r*>-fjWc»*>U. hh\Ai, EWE (») 

7T-X/H26AJ4. VX^M*»»Ltr*«fe» Z^T 

ianc-7^^M&*>-f*>tdW>^ik*fr#4. ffi*. x 

U- fXf-y'l 2 6B*>\ XV-hfflSdf-Yy »/ ; JUl 

2 5Bfcigft4>iXTV^I>. XU-h^T-^1 2 6B 
(4. XV- hPfcfcftUfrtffc. XY¥BT?X*|6|>*fc 
t4Y*^7V-hPSrt>-f*H3»)*>L, ftl.n{4. ID 
Ik (0) Mzru- hPZb-fMzWifri-ZktfX'* 
h. S^K, 7X?f-7;H2 6Ali, XW-hPS: 
«»L4r^. ZUmzTl"- h P*b-fMzW)frtZ 
ktfX'Zh. 

[0133] liELfelWFS - 16240 1 (cMqt$ 

tf, 7fflO) r ix ( 1«) j EAffi^'fXWXX/l'X 
-fyy(Dyson)M. X*|fllKieW&*|iOta 
■t6ikti->T«J««nTV^. WiOXX/UX 
^/V(Dyson) J^(4. X-^y/rt*C-*Wt:ffl 
**>S<xfl-3iR8S<XT^4. 7--^yX(4, XZfffi 
TJlTtiHrT^k^oTv^. coi ^ KflliRSftfc 

8W#¥*PU4» WlfilLfe^ h'7P-Aggl 2 1 A 
atf 1 2 1 Bco±^ffl^a5*>^ 5 ST•rl.^k^cJ:oTK , / 
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[0 134] H9fc^S#iTV^J:dt, fiaWt**P 
DC s GDL' , St/GDR' fr'VX^MlCfflT 3> <t 

3*cvx?MffliciMt&*vc*i'>. riz-hPHojuus 

J&fc&GDC GDL, &tfGDR#7U-hPKffi't 
4J:dfcXl'-hPWfcR»tfc*i'0*S. fcift*flO£ft 
tti&GDL, GDL' . GDR, StfGDR' KioT 

(Dyson) atotHBSBt-grf-S <t 3 fcR5&tS 

i o i 3 5 ] 0 i i ti. 0 i o t^sfttsa^ap 

DC , GDL' . &tfGDR' <D&SbSs<7>W 7^ h 

w-w^HBa-c**. mmnyf^'ivy (Dy 

son)3RO^0»*«l«BlfDFl, DF2. DF3, 

d F4 , d f 5 ii» x^-y^fttce^ 

£. GJmwmWtDFn (n=l. 2, 3 - • •) 
*BMM-*tt*>* r 7>l'* r 4 Vy(Dyson)I» 

&&J:3(cI!I«<im*6. 
[0136] ?*?MMjt*t6ftfc&I*KIFDF n*> 
HI lfcBSSfi-O****. 7V-bPM£>fi» 
SHtHti^tSJlSn-CV^. Witf. 11 It* 
£*lfc8IHSlFD F 2tt. 20<7)IHra^MR2aatXM 

(Dyson) *fcJ:->TM*SilTV»*. SH*$»D 
F4fcL 20tf)[H]ffi«MR4 a&lXMR4 b^tf^X 
MfAVV (Dyson) SRteioTH^iXTV^. 

[ 0 1 3 7 ] 01 1 fcvSilfc J: 9 fc, %ft*ft£1*ffl 
*GDL' JBOfctiJSgGDA 1' , GD B 1 ' GDB 
2' • • • , GD A 2 ' ( GD A 2 ' WH1 lK^Sfl 
•twSrH) L ftfjE^goS.&tt^GDR' ffl«b2SG 
DDI' , GDE1* GDE 2 ' • • GDD 2 ' 

( GD D 2 ' \m\ lfc^SftTWarV^) fc#, ^SSjcO 
»88»DFn<0PiW (X^-V^fflfcHLTlirill 
W&ZM) *=EBS*iTV*4. fSftftS-HSfc 
BJSGDCr 2WfGDC2' (&tB2§GDC2' (S, 

01 Kc0*$fLTv^v>) a*, ^v-yyumzn 
[oi 38] ±MLtz%j}mm(oz*&. mm. s. 

fc, FWfc. «US««t}»GDC, GDL, &tfGDRfc 



[0139] WtikWIMrA y > ( Dy s o n ) 3R 

iayKD2*\ 01 ltissiifctsuwe^sPL^ 

L, ^x?MM£fc*irw-hPfflfcfe*t**a$r*£ 
ffiOftBtf, *¥W*»ttH«fcJ:oTHl 10>Z#|fij 
KfcwtgHbLf^tf, z#M&S*N0t£fH*> 

a}3iifc«Wtt$r JHUft*?** bSrSS&t 

[0140] zmmt. mm. m<o%zzx&w 
mm.*j:3*=, znHzmf hmmta^coim^m 
mmzmt&m t-t&zt tfx-z i . twt. zco 
mma. mm. mngz *%&mz$zz_ itotz. 

->xzi>mz%¥mzmmmmbt& z t vx-z 

t&iiim^tzftitXzmiz&tiGirt&ft oZbtfX- 

z&xoiz. mmzmztih. tlx. *7±>yh 
s. 

[0141] mz. *m%.mzfrfrbi%4 cnm&m 
t. 01 2*#8&ltkw4. znzmmu. 
yx&PL<?>mm&. ±mitzXoizmmzmi^ 
tfhmxmftmwLtamssi&kK^x^i. 01 

*)vy- W H * T-?)&tt?)»rffi0T£ s . 
[0142] Tii'SrTfflP e t A#<0±fflfc SrffllifcjE 

vyxs^LE i*>\ uyxvN'u^ mm) nftmn. 

^LE 1 WTIPelt WyXAWKWW/CJgO 

4. iWtcLQtcaSftfcSWUyX^PLWUyXAV 
/WMWc. Hlt*S*ifcfc<otia|««r. 5t^^(^ 

tfJ^G D LS.IXG D R t H^fiS^^ai^G D C t *> 

[0143] nsn&BUz* ixv x>w<ntm*3\%*o 
rtflws»k:»i«s ^5 . ct 0 mtrnzmw-ttiif , 

K9IH1 1 3*4. affcOR^KO^F^^T^ 

5. n^^^yKSSli, KSrt^lmmi&oT^ 

KUfitra t f - $r t> o T . 51 He N<C4tl3Mt3 ixT v > 

\t. -)zA*;^-WH(Dfl 1 2fcSBILTIr*6. 

1 1 2ii, K2«5l*ff 3*3SB*cfiStt*iiTV^. 

[0 144] C<0»»«tfiV^» 12BU>X&PL<D 
*tC**EWyX*^LE l(7)THPei: s gif^^ 
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HRSco±ffl) fc^ia^fBIfiS (0llfW&tf*!SE8l) . t 
=Sf*>t». SUI^jW*3*l4«*LQtf>ff§fcL 5m 

coH£ (5mmifctt*W2lT) iOt^fSfcoUMB 
A#<t6 -It *LT. ")iA*;^-WH 

<offlH*Bt:Sttt»*Siifc««LBOWtftt. ft 10 
mm^rl^L2 5mmfc^r-5-rv^5. Ltzifi-oX. Z<7)% 

ttMfc&vvtli. ^^yx^PLoy-dfy^f 
ttLQ<0£8*iJ: MS <$:■), Stt [LQ] <0&S 

[0145] mmm&zhz>m#LQcr>m®fci} 
h qiottSrHgw^v-^y^T 4 x? yxo&f&coffi 

6. 

[0 1 46] *UiM*Hi*GDL. GDR, RlfGVC* 

71/- MBHRSi?)«Ht«W>tA»tia»tr-A 
(X3R) t, i<o«ffi*»feRWS*ifet-Ak*«. Stt 
LQfc^fcWlB^ffifcXSI-friWSrfiftjfcl/CV**. 
*<Ofctf>, *o4. 3fc»iS*<0iSW*4 7OT7^ -f- 

TWfW*. 

[ 0 1 4 7 ] 11 3tt, 9mwX&P LeOffififcEB 
SixfcJSUSlttajRGDLoaijSfcjSLTV^. ffiiom^ 
«iii»GDRfttfGDCI4. JSfejScttajjRGDLjWSrtS 

ISI12t=SS)h.fcflW3!*t|i|t«jSa*i. Ht#SK 

J: o T * $ tlX ^ § . 
[0 148] 01 3*#SW*fc. tivXluytX-n 
jS3flfc7yXA$9-2 0 0*«. ft&lsyX&PLff) 

mm$mmz®fc*tix^&. ryxA$ 5-20014 

TaS£fflH.Tfc9. *<DT:fr&l4?8ttLQ«S$*tT 
H*. XyXAS5-200«4, R3«200a&tf2 
OObSflttTH*. RStffi2 0 0a&tf200b<9- 
SB14 S SflcLQfc«Sivo*S. TUXA$5-200 
lis s FfflH2 0 0cRtf2 0-0d*flU."O*4. 

t'-A^RSt$ft6 t'-A{4, ¥fflffl2 0 0 
cay2 0 0d$r>io-C, TyXA$7-200O#7 



XWcJttr. T'JXAS 5-2 0 014.. &tz. ¥M%±. 

[0149] •?)VW)«/\>rV-Y2051f. 3 7f 
yi^-U^X*fcttn«BUyX2 0 3taLT. 
MK-Y (LED) ^U—f-y-fjt-K (LD) <0 
J:d*3tS2 0 2*>4>^) (*xAW±*)US;*bfc*JL 

«Uffl*ffl*GDLOfMiiK4yb 
V/PfA 1 ; -y b7V-h2 0 SfcJBJftSft-TV^ 
207lz£->xmZtl. *LT. m\s>X20 9l,Z 

[0150] WfckVX2 0 9*>4>aifclS«t-Ali. 
7*'J XA $ 5- 2 0 0 CD±SS£ji-?TXy XA 5 5- 
2 0 0£A>5\ EMtffi2 0 0afc.kr>TilJite>J:3fcR 
»U flfiH2 0 0c£iI-oT$ttLQf;:A'k ">i^ 

RR^LTV^. ^x/NW£J:o£8t3*utt*-A»4, R 
ttfflO¥fflffi2 0 0d£jl-5TTyXA57-2 00fc 
AO. Kltn200blz^-9TattOJ:^lcKttSfi. 

ry xa$ 5-2 o o <o±iBffi*a->TX'j xa $ 5- 
2 0 0*»fefflT]lttr. doS«Sixfc*t-Att. im 
1/VX2 1 lfcS»U ntyV>X2 1 10BTU2BK 
ElSfutRWS9-2 1 3KJ:-3TRW8ii4. 
[0151] Rlt$5-2 1 3fcJ:vCRW$;hJfct- 
A14, 1rmvvX2 l l £SoTR*f3fflt;:ii*, S 
t/. 7-yXAS7-2 0 0cOR*fH2 0 0bi¥fflffl2 
OOdSrgTii^ StP7x;\W£!i&-f. -)xy\W|; 
«toTSZ/RW$il^3tt*-A{4, 7-yXA$5-2 0 
0O 3 Fiaffi200ctRltffl20 0atS:^-ra^. t' 
— AX7*y y-9—2 0 7£J1BSL"C, 3^1^*12 1 5 
fclAlttS. 3t««ai^2 1 514. V/H-X'J -y hTU 
-b2 0 5£#lG*£#£^*S«SO* ; F-fc£oT 
V^*. 3t««!tiJS52 1 5<4» (WJiK-f VhF 

a nat/F b ncuwittajfi^^i^fcaj^-r*. 

[0152] W:*»i>r. II 1 3t=^S<ut^lUiS/f-/l' 
h«ia!m(4s ^xAWfcA-jTRWSfifcfiU&tr-A*! 
^x/NWti-jTHEWSiiftlBlfiBSjRt LTffiM^ix 

h. 

[0153] lemmM&te^x. tfyx-iw? cr 
•;XA57-20 0) *». HW/^HWl»«v^tf 
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0££^T$^U -!-ixt:J:oT. Z<a«£$lsrfft t 
&#LQ<D&j^tKi9»£^T£>8ttft.rk 

[0 1 54] 01&t/05£^t£^xA*;ky' - -WH 
VffimV'gmi . EI 1 4 fttfH 1 5Sr#ga L-TiK B J't" 

«. si 14 ut. ajf3!i:<oit**ffdts»«j«aitwo 

fcfcv^Ttt. E*3^J:3fc«U&IWPTOKrZ-«» 

a^y h 2 2 0#IMt«VO*ft. Z-ifg»P-X-y b2 

2 0(i, >>xAw*siWft«9iffii 1 3&mtinmr 
®mmm%z-mmj-=--v h 2 2 o<4. «»+v>f ? 

RS£if£ii$-£ft. 

[015 5] dt. ^xATivky'-WHcOtRSIffll 13 

Hi 0 t^V^4>tf, «lcOZ-|gi!jJL--yh2 2 0$r 
ffiflJLT. fflil»)ri^-ha5HRSco«aDWlS$5rlSjEt 

fc#T'£ft. 

[0 1 5 6] H5*«g8LT±SJ!tfcJ:dC. fflttTV 

«SAia*B3CS*t*i:*. ^xAWOWiKRJtfeit 
rtaStO&ttajsMVbFAl FA2) . FC1 

(*fcliFC2) . &tfFDl (4fcttFD2) fflOtt 
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/, Title of Invention 

FOCUSING AND TILTING ADJUSTMENT SYSTEM 
FOR LITHOGRAPHY ALIGNER, 
MANUFACTURING APPARATUS OR INSPECTION APPARATUS 

1. Claims 

L. A scanning exposure apparatus comprising: 

(a) an imaging system for projecting an image 
of a pattern of a mask onto a substrate at an 
imaging field; 

(b) a scanning mechanism for moving the mask 
and the substrate in a scanning direction relative . 
to said imaging system; 

(c) an adjusting system for adjusting a focus 
of the projected image on the substrate; 

(d) a first detection system having a 
detection area at a first position located outside 
the imaging field of said imaging system and 
spaced apart from the imaging field in the 
scanning direction, said first detection system- 
detecting the position of a principal surface of 
the substrate in a 3-direction; 

(e) a second detection system having a 
detection area at a second position located 
outside the imaging field of said imaging system 
and spaced apart from said first position in a 
direction intersecting the scanning direction, 
said second detection system detecting the 
position of the principal surface of the substrate 
in the Z-direction; 

(f) a third detection system having a 
detection area at a third position located outside 
Che imaging field of said imaging system, spaced 
apart from the imaging field in a direction 
intersecting the scanning direction and also 
spaced apart from said second position in the 
scanning direction, said third detection system 
detecting the position of the principal surface of 
the substrate in the Z-direction; 

(g) a calculator coupled to said first and 
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second detection systems and calculating a 
deviation between the first Z-position detected by 
said first detection system and a target Z- 
position and storing the second Z-position 
detected by. said second detection system at the 
time of detection by said first detection system; 
and 

(h) a controller coupled to said adjusting 
system and to said calculator and to said third 
detection system and controlling said adjusting 
system on the basis of the calculated deviation, 
the stored second Z-position and the third Z- 
position detected by said third detection system 
when the area on the substrate corresponding to 
the detection area of said first detection system 
is positioned in the imaging field of said imaging 
system by movement of said scanning mechanism. 

2. An exposure apparatus according to Claim 1, 
wherein said scanning mechanism includes a mask stage 
for holding the mask, a substrate stage for holding the 
substrate, and a synchronizing drive system for moving 
said mask stage and said substrate stage at a speed 
ratio corresponding to a projection magnification of 
said imaging system. 

3. An exposure apparatus according to. Claim 2, 
wherein said substrate stage includes an attraction 
portion for attracting a reverse surface of the 
substrate, and an auxiliary plate portion surrounding 
the substrate at a height approximately equal to the 
principal surface of the substrate when the substrate 
is supported on said attraction portion. 

4. An exposure apparatus according to Claim 3, 
wherein said second detection system and said third 
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detection system are arranged to detect the position of 
a surface of said auxiliary plate portion in the Z- 
direction by at least one of the detection areas when a 
shot area of the substrate to be exposed by the pattern 
of the mask is at a peripheral portion of the 
substrate . 

5. An exposure apparatus according to Claim 4, 
wherein each of said first, second and third detection 
systems generates a Z-direction positional error value 
of one of the principal surface of the substrate and 
the auxiliary plate portion relative to predetermined 
reference Z-positions with respect to said first, 
second and third detection systems . 

6 . An exposure apparatus according to Claim 5\ 
wherein, if the predetermined reference Z-positions 
with respect to said first, second and third detection 
systems differ from each other, the differences between 
the reference Z-positions are detected by a 
calibration. 

7. An exposure apparatus according to Claim 4, 
wherein, if the scanning direction of the substrate is 
a Y-direction and if a direction perpendicular to each 
of the y-direction and the Z-direction is an X- 
direction, said first detection system includes a first 
focus detector of a multi-point type having a plurality 
of detection areas in a row along the X-cirection on 
the substrate over a range of a size of the imaging 
field of said imaging system in the X-direction. 

8. An exposure apparatus according to Claim 7, 
wherein said second detection system includes a 
plurality of second focus detectors having detection 
areas on opposite sides of the row of the plurality of 
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detection areas of said multi-point focus detector in 
the X-direction, each of said second focus detectors 
separately detecting the Z-direction position of the 
principal surface of one of the substrate and the 
auxiliary plate portion at each of the detection areas. 

9. An exposure apparatus according to Claim 8, 
wherein said third detection system includes a 
plurality of third focus detectors on the opposite 
sides of the imaging field of said imaging system in 
the X-direction, each of said third focus detectors 
separately detecting the Z-direction position of the 

" principal surface of one of the substrate and the 
auxiliary plate portion at each of the detection areas. 

10. A projection exposure apparatus comprising:' 

(a) an imaging system for projecting an image 
of a mask pattern onto a substrate at a projection 
field; 

(b) a movable stage mechanism for moving in 
intersecting X and Y directions to position the 
substrate with respect to the image of the 
projected mask pattern,* 

(c) an adjusting mechanism for adjusting a 
focus of the projected mask pattern image on the 
substrate; 

d) a first detection system having a 
detection area at a first position located outside 
the projection field of said imaging system and 
spaced apart from the projection field in the Y 
direction, said first detection system detecting 
the position of a principal surface of the 
substrate in a Z direction; 

(e) a second detection system having a 
detection area at a second position located 
outside the projection field of said imaging 
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system and spaced apart from said first position 
in the X direction, said second detection system 
detecting the position of the principal surface of 
the substrate in the Z direction; 

(f) a third detection system having a 
detection area at a third position located outside 
the projection field of said imaging system, 
spaced apart from the projection field in the X 
direction and also spaced apart from said second 
position in the Y direction, said third detection 
system detecting the position of the principal 
surface of the substrate in the Z direction; 

(g) a calculator coupled to said first and 
second detection systems, and calculating a 
deviation between the first Z-position detected by 
said first detection system and a target Z- 
position and for storing the second Z-position 
detected by said second detection system at the 
time of detection made by said first detection 
system; and 

f (h) a controller coupled to said adjusting 
\^£^and said calculator and said third 
detection system, and controlling said adjusting 
mechanism on the basis of the calculated 
deviation, the stored second Z-position and the 
third Z-position detected by said third detection 
system when the area on the substrate 
corresponding to the detection area of said first 
detection system is positioned in the projection 
field of said imaging system by said movable stage 
mechanism . 

11. An exposure apparatus according to Claim 10, 
wherein said first detection system includes a 
plurality of first focus detectors having a plurality 
of detection areas in a row along the X direction in a 
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range according to a size of the projection field of 
said imaging "system in the X direction, each of said 
first focus detectors separately detecting the Z- 
position of the principal surface of the substrate at 
each of the detection areas. 

12. An exposure apparatus according to Claim 11, 
wherein said second detection system includes two 
second focus detectors having two detection areas 
placed on opposite sides of the row of the plurality of 
detection areas of said first detection system, each of 
said second focus detectors separately detecting the Z- 
position of the principal surface of the substrate at 
each of the two detection areas. 

13. An exposure apparatus according to Claim 12, 
wherein said third detection system includes two third 
focus detectors placed on opposite sides of the 
projection field of said imaging system in the X 
direction, each of said third focus detectors 
separately detecting the Z-position of the principal 
surface of the substrate at each of the two detection 
areas. 

14. An exposure apparatus according to Claim 13, 
wherein said movable stage mechanism includes a mount 
portion for attracting a reverse surface- of the 
substrate and an auxiliary plate portion which 
surrounds the substrate at a height substantially equal 
to the principal surface of the substrate when the 
substrate is supported on said mount portion, a surface 
of said auxiliary plate being detected by one of said 
two second focus detectors and one of said two third 
focus detectors. 

15. A scanning exposure method in which a pattern 
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of a mask is transferred onto a sensitive substrate by 
projecting a part of the mask pattern on the sensitive 
subscrate through a projection system and by moving the 
mask and the sensitive substrate relative to a 
projection field of the projection system, the method 
comprising the steps of: 

(a) mounting the sensitive substrate on a 
holder having an auxiliary plate portion 

■ surrounding the sensitive substrate at a height 
substantially equal to a height of a principal 
surface of the sensitive substrate; 

(b) reading a focus error of an exposure area 
of the sensitive substrate on which area a part of 
the mask pattern is to be projected, the focus 
error of the exposure area being read before the 

. exposure area reaches the projection field of the 
projection system during scanning movement of the 
holder and the sensitive substrate; 

(c) detecting a focus error of the principal 
surface of a part of one of the sensitive 
substrate and the auxiliary plate portion by an 
exposure position focus detection system disposed 
apart from the projection field of the projection 
system in a direction perpendicular to the 
direction of said scanning movement when the 
exposure area on the sensitive substrate reaches 
the projection field; and 

(dj adjusting the focus between the 
projection system and the sensitive substrate on 
the basis of the focus errors detected by said 
steps (b) and (c) so that the focus error of the 
exposure area on the sensitive substrate is 
corrected in the projection field of the 
projection system. 

16. A method according to Claim 15, applied to a 
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projection aligner having a projection system having an 
effective working distance to the principal surface of 
the substrate of 20 mm or less. 

17. A method according to Claim 15, applied to an 
immersion projection exposure apparatus in which a 
space containing a projection optical path between the 
sensitive substrate and a transparent optical element 
disposed at an image plane side of the projection 
optical system is liquid filled. 

19. A method according to Claim 17, wherein the 
projection optical system has a working distance such 
that the thickness of the liquid between the sensitive 
substrate and the transparent optical element of said 
projection optical system is 2 mm or less. 

19. A method according to Claim 15, applied to a 
scanning exposure apparatus having a catadioptric 
projection system having a refractive optical material 
and a reflecting optical material, and in which a 
transparent optical element is disposed at an image 
plane side. 

20. A method according to Claim 19, wherein the 
transparent optical element disposed at the image plane 
side is a prism mirror having an emergent surface 
substantially parallel to the principal surface of the 
sensitive substrate. 

21. A focusing apparatus provided in an apparatus 
having an objective optical system to control focusing 
between a surface of a workpiece and the objective 
optical system, said focusing apparatus comprising: 

(a) a first detection system having a 
detection area at a first position located outside 

2 



(41) 



«pBB¥1 0-1 54659 



a field of said objective optical system, said 
first detection system detecting a position of the 
surface of the workpiece in the focusing 
direction; 

(b) a second detection system having a 
detection area at a second position located 
outside the field of said objective optical system 
and spaced apart from said first position, said 
second detection system detecting the position of 
the surface of the workpiece in the focusing 
direction; 

(c) a third detection system having a 
detection area at a third position located outside 
the field or said objective optical system and 
spaced apart from each of said first and second 
positions, said third detection system detecting 
the position of the surface of the workpiece in 
the focusing direction; 

(d) a calculator coupled to said first and 
second detection systems, and calculating a 
deviation between the first focus position 
detected by said first detection system and a 
target focus position and for storing the second 
focus position detected by said second detection 
system at the time of detection made by said first 
detection system; and 

(e) a controller coupled to said calculator 
and to said third detection system, and 
controlling focusing of the objective optical 
system on the surface of the workpiece cn the 
basis of the calculated deviation, the scored 
second focus position and the third focus position 
detected by said third detection system when the 
area on the workpiece corresponding to the 
detection area of said first detection system is 
positioned in the field of said objective optical 
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system by relative movement of the workpiece and 
the objective optical system. 

22. A method of controlling focusing of an 
objective optical system onto a surface of a workpiece 
when the workpiece and a field of the objective optical 
system are moved relative to each other in X and Y 
directions, said method comprising the steps of; 

(a) mounting the workpiece on a holder having 
an auxiliary plate portion surrounding the 
workpiece at a height substantially equal to a 
height of the surface of the workpiece; 

(b) reading a focus error of a predetermined 
local portion of the surface of the workpiece 
before the local portion of the workpiece reaches 
the field of the objective optical system during 
movement of said holder and the workpiece in a 
predetermined moving direction; 

(c) detecting a focus error of the surface of 
a part of one of the workpiece and the auxiliary 
plate portion by a first focus detection system 
disposed apart from the field of the objective 
optical system in a direction perpendicular co the 
moving direction when the local portion of the 
workpiece reaches the field; and 

(d) controlling the focusing between the 
objective optical system and the workpiece on the 
basis of the focus errors detected by said steps 
(b) and (c) so that the focus error of the local 

. portion of the workpiece is corrected in the field 
of the objective optical system. 

23. A method according to Claim 22, applied to at 
least one of a manufacturing instrument, a lithography 
exposure apparatus, a writing apparatus and an 
inspection apparatus having a small effective working 
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distance such that a detecting beam of an oblique 
incident light type focus detector cannot be obliquely- 
led to the surface of the workpiece immediately below 
the objective optical system. 

24. A projection exposure apparatus for 
projecting a mask pattern image onto a sensitive 
substrate through an optical imaging system and a 
liquid in a space between the substrate and the imaging 
system, said apparatus comprising: 

an assembly holding a plurality of optical 
elements of said imaging system, wherein at least 
an end portion of said assembly is immersed in 
said liquid; and 

a distal optical element mounted at the end 
portion of said assembly and having a distal 
surface which confronts the substrate and contacts 
said liquid; 

wherein the distal surface of said distal 
optical element and a surface of the end portion 
of said assembly are substantially flush to each 
other, thereby suppressing disturbance of flowing 
of said liquid. 

25. A method for fabricating, a feature on a 
semiconductor wafer, employing a projection system, 
comprising the steps of: 

(a) mounting the semiconductor wafer on a 
holder having a wall portion vertically provided 
at a peripheral portion to form a liquid layer on 
the wafer for achieving an immersed condition 
between a surface of the wafer and said projection 
system; 

(b) scanning said holder along an image plane 
of said projection system to perform a scan- 
exposure by projecting a feature pattern image 
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onto the wafer through said projection system and 
said liquid layer; and 

(c) correcting, during said scanning step, at 
least one of focus and tilt error between the 
surface of the wafer and the image plane of said 
projection system by using a focus detecting 
system which has a plurality of focus detection 
points disposed outside an image field of said 
projection system. 

26. The method of Claim 25, wherein the 
projection system has a resolution less than 0.5 
micrometers 

27. A scanning exposure method to transfer a pattern of a mask onto a substrate through a 
imaging system, the method comprising the steps of: 

providing a first detection system having a first detection area located outside a imaging 
field of the imaging system and spaced apart from the imaging field in a scanning 
direction, said first detection system detecting the position of a surface of the substrate in a 
optical axis direction of the imaging sysiem; 

providing a second detection system having a second detection area located outside a 
imaging field of the imaging system and spaced apart from the first detection area in a 
direction intersecting the scanning direction, said second detection system detecting the 
position of the surface of the substrate in the optical axis direction; 

providing a third detection system having a third detection area located outside a 
imaging field of the Imaging system and spaced apart from the imaging field in a direction 
intersecting the scanning direction and also spaced apart from the second detection area in 
the scanning direction, said third detection system detecting a deviation between the 
position of the surface of the substrate and a target position in the optical axis direction; 

determining the target position of the third detection system based on the result of 
detection of the first and second detection system during an exposure of the substrate ; and 

adjusting a positional relationship between the surface of the substrate and a imaging 
plane of the imaging system based on the result of detection of the first, second and third 
detection system during the exposure of the substrate. 
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3, Detailed Description ol Invention 



ffftqftGROUND OF THE INVENTION 
piP^d of che Invention 

The present invention relates to semiconductor 
fabrication and more particularly to a lithography 
exposure apparatus (aligner) for transferring a circuit 
pattern from a mask or a reticle onto a sensitive 
substrate. 

The present invention also relates to a system for 
detecting a focal point on a workpiece (wafer , substrate 
or plate etc.) and for detecting a tilt of the 
workpiece, which is applicable to certain kinds of 
apparatus such as an .apparatus for manufacturing a 
workpiece or imaging a desired pattern in a surface of 
a workpiece using a laser or electron beam and an 
apparatus for optically inspecting the state of a 
surface of a workpiece. 

rv^cription o f the Related Art 

Recently , dynamic random access memory 
semiconductor chips [DRAMS J having an integration 
density of 54 MbitS have been mass-produced by 
semiconductor fabrication techniques. Such chips are 
manufactured by exposing a semiconductor wafer to 
images of circuit pat tarns to form e.g. ten or more 
• layers of circuit patterns in a superposition manner. 

Presently, lithography apparatuses used for such 
chip fabrication are projection aligners in which a 
circuit pattern drawn in a chromium layer on a reticle 
(mask plate) is transferred onto a resist layer on a 
wafer surface through a 1/4 or 1/5 reduction optical 
imaging system by irradiating the reticle with i-line 
radiation (wavelength: 365 nm) of a mercury discharge 
lamp or pulse Light having a wavelength of 248 nm from 
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a KrF exciter laser. 

Projection exposure apparatuses (projection 
aligners) used for this purpose are generally grouped, 
according to the types of imaging optical system, into 
those using a step-and-repeat system, i.e., so-called 
steppers, and those using a step-and-scan system which 
has attracted attention in recent years. 

in the step-and-repeat system, a process is 
repeated in which, each time a wafer is moved to a 
certain extent in a stepping manner, a pattern image on 
a reticle is projected on a part of the wafer by using 
a reduction projection lens system formed only of a 
refractive optical macerial (lens element) and having a 
circular image field or an unit magnification 
projection lens system formed of a refractive optical 
material (lens element), a prism mirror and a concave 
mirror and having a noncircular image field to expose a 
shot area on the wafer or plate to the pattern image. 

In the step-and-scan system, a wafer is exposed to 
an image of a portion of a circuit pattern on a reticle 
(for example, in the form of a circular-arc slit) which 
is projected on the wafer through a projection optical 
system. Simultaneously, the reticle and the wafer are 
continuously moved at constant speeds at a speed ratio 
according to the projection magnification, thus 
exposing one shot area on the wafer to the image of the 
entire circuit pattern on the reticle in a scanning 
manner . 

For. example, as described on op 256 to 269 of SPXE 
Vol. 922 Optical/Laser Microl ithography (1988), the 
step-and-scan system is arranged so that, after one 
shot area on the wafer has been scanned and exposed, 
the wafer is moved one step for exposure of an adjacent 
shot area, and so that the effective image field ox the 
projection optical system is limited to a circular-arc 
slit. Also, the projection optical system is 
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considered to be a combination of a plurality of 
refractive optical elements and a plurality of 
reflecting optical elements, such as one disclosed in 
U.S. Patent 4,747,678 (Co Shaf er) . 

U.S. Patent 5,194,839 (to Nishi) discloses an 
example of an aligner in which a step-and-scan system 
is realized by mounting a stepper reduction projection 
lens having a circular image field. This publication 
also discloses a method in which a pattern image 
projected at the time of scanning exposure is 
transferred onto a wafer by increasing the depth of 
focus (DOF) by a predetermined amount on the wafer. 

In the field of lithography technology, it is now 
desirable to be able to fabricate semiconductor memory 
chips having an integration density and fineness, of the 
l or 4 Gbit class by light exposure. Since light 
exposure techniques have a long technological history 
and are based on a large amount of accumulated know- 
how, it is convenient to continue use of light exposure 
techniques. It is also advantageous to use light 
exposure techniques considering drawbacks of 
alternative electron beam exposure or X-ray 
technologies. ■ • 

It is believed that resolutions in terms of 
minimum line width (feature width) of about 0.18 jun and 
0.13 jim are required with respect to l Gbit and 4 Gbit 
memory chips, respectively. To achieve resolution of 
such a line width, far ultraviolet rays having a 
wavelength of 200 nm or shorter, e.g., those produced 
by an ArF excimer laser, are used for illumination for 
irradiating the reticle pattern. 

As optical vitreous materials having a suitable 
transmittance with respect to far ultraviolet rays 
(having a wave-length of 400 nm or shorter) , quartz 
( S A ), fluorite CaF 2 , lithium fluoride (L t F a > . magnesium 
fluoride (MgF a > and so on are generally lcnovrn. Quartz 
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and fluorite are optical vitreous materials 
indispensable for forming a projection optical system 
having high resolution in the range of far ultraviolet 
rays. 

However, it is necessary to consider the fact 
that, if the numerical aperture (NA) of a projection 
optical system is increased to attain high resolution 
while the field size is increased, the diameter of lens 
elements made of quartz or fluorite becomes so large 
that it is difficult to manufacture such lens elements. 

Also, if the numerical aperture (NA) of the 
projection optical system is increased, the depth of 
focus (DOF) AF is inevitably reduced. .In general, the 
depth of focus AF is defined by wavelength, numerical 
aperture NA, a process coefficient Kf (0 < Xf < 1) as 
shown below if the Rayleigh's theory of imaging 
formation is applied: 

*F = Kf«(X/NA J ) 

Accordingly, the depth of focus &F in the 
atmosphere (air) is about 0.240 /xm if the wavelength is 
193 nm, that is, equal to that of ArF excimer laser 
light, the numerical aperture NA is set to about 0.75 
and the process coefficient Kf is 0.7. In this case, 
the theoretical resolution (minimum line width) AR is 
expressed by the following equation using process 
coefficient Kr (0 < Kr < 1) : 

AR.» Kr» (X/NA) 

Accordingly, under the above-mentioned conditions, 
the resolution AR is about 0.154 jim if the process 
coefficient Kr is 0.6. 

As described above, while it is necessary Zo 
increase the numerical aperture of the projection 
optical system in order to improve the resolution, it 
is important to notice that the depth of focus 
decreases abruptly if the numerical aperture is 
increased. If the depth of focus is small, there is a 
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need to improve the accuracy, reproducibility and 
stability with which an automatic focusing system for 
coincidenca between the best imaging plane of the 
projection optical system and the resist layer surface 
on the wafer is controlled. 

On the other hand, considering the projection 
optical system from the standpoint of design and 
manufacturing, a configuration is possible in which the 
numerical aperture is increased without Increasing the 
field size. However, if the numerical aperture is set 
to a substantially larger value, the diameter of lens 
elements is so large that it is difficult to form and 
worlc the optical vitreous material (e.g. quartz and 
f luorite) . 

Then, as a means for improving the resolution 
without largely increasing the numerical aperture of" 
the projection optical system, an immersion projection 
method may be used in which the space between the wafer 
and the projection optical system is filled with a 
liquid, see U.S. Patent 4,346,164 (to Tabarelli) . 

in this immersion projection method, the air space 
between the wafer and the optical element constituting 
the projection optical system on the projection end 
side (image plane side) is filled with a liquid having 
a refractive index close to the refractive index ot the 
photoresist layer, to increase the effective numerical 
aperture of the projection optical system seen from the 
wafer side, i.e. improving the resolution. This 
immersion projection method is expected to attain good 
imaging performance by selecting the liquid used. 

Projection aligners as presently known generally 
are provided with an automatic focusing <AF) system for 
precisely controlling the relative positions of the 
wafer and the projection optical system so that the 
wafer surface coincides with the optimum imaging plane 
(reticle conjugate plane) of the projection optical 
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system. This AF system includes a surface position 
detection sensor for detecting a change in the height 
position (Z-direction position) of the wafer surface in 
a non-contact manner, and a Z-adjustment mechanism for 
adjusting the spacing between the projection optical 
system and the wafer on the basis of the detected 
change. 

Also in projection aligners presently used an 
optical type or air micrometer type sensor is used as 
the surface position detection sensor, and a holder 
(and a Z- stage) for supporting the wafer, provided as 
the Z-adjustraent mechanism, is moved vertically to 
sub -micron accuracy. 

If such an AF system is provided in an aligner to 
which the immersion projection method is applied, it is 
natural that an air micrometer type sensor cannot be- 
used and an optical sensor is exclusively used since 
the wafer is held in a liquid. In such a case, an 
optical focus sensor, such as one disclosed in U.S. 
Patent 4,650,983 (to Suwa) , for example, is constructed 
so that a measuring beam (an imaging beam of a slit 
image) is obliquely projected into the projection field 
on the wafer and so that the beam reflected by the 
wafer surface is received by a photoelectric detector 
through a light receiving slit. The change in the 
height position of the wafer surface, i.e., the amount 
of focus error, is detected from a change in the 
position of the reflected beam occurring at the light 
receiving slit . 

If an oblique incident light type focus sensor- 
such as the one disclosed in U.S. Patent 4,650,983 is 
directly mounted in a projection aligner in which the 
conventional projection optical system having a working 
distance of 10 to 20 mm is immersed in a liquid, a 
problem described below arises. In such a case, it is 
necessary to set in the liquid the optical system of 
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the projected beam emitted from a projecting objective 
lens of the focus sensor to reach the projection field 
of the projection optical system on the wafer and the 
optical system of the reflected beam reflected by the 
wafer to reach a light receiving objective lens. 

Therefore, the beam of the focus sensor travels 
through a long distance in the liquid, so that unless 
the temperature distribution in the liquid is 
stabilized with high accuracy, the projected beam and 
the received beam fluctuate by a change in refractive 
index due to a temperature nonuniform! ty , resulting in 
deterioration in the accuracy of focus detection 

(detection of the height position of the wafer 

surface) . 

Moreover, to achieve a resolution of 0.15 Xm or 
less by the immersion projection method, it is 
necessary to set the working distance of the projection 
ootical system to a sufficiently small value, as 
mentioned above. Therefore, oblique projection itself 
of the projected beam of the oblique incident light 
type focus sensor from the space between the projection 
optical system and the wafer toward the projection area 
on the wafer becomes difficult to perform. For this 
reason, one important question arises as to how an 
automatic focusing system applicable to the immersion 
projection method is arranged. 

On the other hand, aligners (exposure apparatus) 
having an unit magnification type (hereinafter 
described as B 1X") projection optical systems are being 
used in the field of manufacturing liquid crystal 
display devices (flat panel displays) as well as in the 
field of manufacturing semiconductor devices. 
Recently, for this kind of aligner, a system has been 
proposed in which a plurality of IX projection optical 
systems of a certain type are arranged and in which a 
mask and a photosensitive plate are moved integrally 
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with each other for scanning. It is desirable that, 
ideally, the working distance of the IX projection 
optical systems used is extremely small. Each IX 
projection optical system is of a single Dyson type 
such as that disclosed in U.S. Patent 4,391,494 [to 
Hershel) or a double Dyson type such as that disclosed 
in U.S. Patent 5,298, 939 (to Swanson en al.) . 

In an aligner having such a Dyson type projection 
optical system, the working distance (spacing between 
the exit surface of a prism mirror and the image plane) 
can be sufficiently reduced to limit various 
aberrations or distortions of the projected image to 
such small values that there is practically no problem 
due to the aberrations or distortions. In this kind of 
aligner, therefore, a detection area on the 
photosensitive substrate of focus detection by the 
focus sensor ie.g., the irradiation position of the 
projected beam in the oblique incident light system or 
the air- exhaust position in the air micrometer system) 
is ordinarily set to a position deviating from the 
effective projection field region of the projection 
optical system, that is, set in an off -axis manner. 

For this reason, it is impossible to actually 
detect whether the area of the substrate exposed to 
projected light from a circuit pattern is precisely 
adjusted in a best focus state or condition. 

Also in apparatuses for writing a pattern on a 
substrate or to perform processing (or manufacturing) 
by using, a spot of a laser beam or an electron beam, it 
is possible that the working, distance between the 
substrate and the objective lens system (or an 
electronic lens system) for projecting the beam becomes 
so small that an AF sensor capable of detecting a 
focusing error of the processing position or the 
drawing position on the substrate surface in the field 
of the objective optical system cannot be mounted. 
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In such a case, the detection point of the AF 
sensor is only placed outside the field of the 
objective lens system to detect a focusing error, and 
it does not detect whether a focusing error occurs 
actually at the processing position or writing position 
in the field of the objective lens system. 

The same can also be said with respect to an 
apparatus for optically inspecting a pattern drawn on a 
reticle or mask for photolithography or a fine pattern 
formed on a wafer. That is, -this is because this kind 
of inspection apparatus is also provided with an 
objective lens system for inspection and because the 
end of the objective lens system faces a surface of an 
specimen (a plate) to be inspected while being spaced 
apart from same by a predetermined wording distance. 

Thus, if an objective lens system having a 
comparatively large magnifying power and high 
resolution is used, the working distance is so small 
that the same problem relating to the disposition of 
the AF sensor is encountered. 

SUMMARY OF THE INVENTION 

In view of the above -de scribed problems of the 
related art, the present invention provides a 
projection aligner (exposure apparatus) and an exposure 
method which enable high-precision focusing control and 
high- precision tilt control even if a projection 
optical system to reduce the working distance in 
comparison with the conventional projection optical 
system is incorporated. 

The invention is directed to a step-and-repeat 
aligner in which a surface of a sensitive substrate is 
exposed to a pattern image projected through'an imaging 
system or a scanning exposure apparatus (scanning 
aligner) in which a mask (or a reticle) and a sensitive 
substrate are moved relative to an imaging system while 
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a pattern image is being projected, and to a system 
suitable for detecting a focal point and a tilt in 
these kinds of exposure apparatus (aligners) . 

In the present exposure apparatus and method, 
focusing control and tilt control are performed with 
respect to a shot area at a peripheral position on a 
sensitive substrate. 

The present scanning exposure apparatus and 
scanning exposure method enable high-precision focusing 
control and high- precision tilt control with respect 
to an exposed area of a sensitive substrate, without 
setting a focus detection area in the projection field 
'of a projection optical system. 

The present focus sensor and focus detection 
method stably detect an error in focusing or tilting of 
a surface of a sensitive substrate immersed in a liquid 
in an immersion type projection aligner or scanning 
aligner designed to improve the depth of focus. The 
present focus sensor and focus detection method are 
suitable for a manufacturing (processing) apparatus, a 
drawing apparatus or an inspection apparatus having an 
objective optical system of a small working distance. 

The present invention is applicable to a scanning 
exposure apparatus having an imaging system (a 
projection lens system) for projecting an image of a 
pattern of a mask (a reticle) on a substrate (a wafer) 
through an imaging field, a scanning mechanism (a 
reticle stage or wafer XY stage) for moving the mask' 
and the .substrate in a scanning direction relative to 
the" imaging system, and a Z-drive system (a Z stage and 
Z-accuators) for driving the substrate and the imaging 
system relative to each other in a Z-direction to focus 
the projected image, or to a projection aligner (i.e, 
stepper) having an imaging system for projecting an 
image of a pattern of a mask on a substrate through a 
projection field, a movable stage mechanism which moves 
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in X and Y directions in order to position the 
substrate with respect to the image of the pattern to 
be projected, and a 2-drive mechanism for driving the 
substrate and the imaging system relative to each other 
in a Z-direction to focus the image to be projected. 

The scanning mechanism or the movable stage 
mechanism of the exposure apparatus or aligner may be a 
mechanism for horizontally maintaining a mask or 
substrate. Alternatively, it may be a mechanism for 
maintaining a mask or substrate at a certain angle from 
a horizontal plane, for example, a vertical stage 
mechanism for moving a mask or substrate in a 
horizontal or vertical direction while maintaining the 
mask or substrate in a vertical attitude. In this 
case, a plane along which the mask or substrate is 
moved corresponds to X- and Y-directions , and Z- 
direction, perpendicular to each of X- and Y- 
directions, is also referred to (for example, in 
correspondence with the direction of the optical axis 
of a laterally- arranged projection optical system or 
the direction of principal rays) . 

According to the present invention, the aligner is 
provided with a first detection system having a 
detection area at a first position located outside the 
imaging field of the imaging system and spaced apart 
from same in the scanning direction (Y-direction) , the 
first detection system detecting the position of an 
obverse (upper) surface of the substrate in the Z- 
direction,- a second detection system having a detection 
area at a second position located outside the imaging 
field of the imaging system and spaced apart from the 
first position in a direct ion^XTV tne scanning 
direction (Y) , the second detection system detecting 
the position of the obverse surface of the substrate in 
the Z-direction, a third detection system having a 
detection area at a third position located outside the 
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imaging field of the imaging system, spaced apart from 
the same in a direction (X) perpendicular to the 
scanning direction (Y) and also spaced apart from the 
second position in the scanning direction (Y) , and the 
third detection system detecting the position of the 
obverse surface of the substrate in the Z-direction. 

According to the present invention, the aligner is 
further provided with a calculator for calculating a 
deviation between the first Z-position detected by the 
first detection system and a target Z- position, and 
for temporarily storing the second Z-position detected 
by the second detection system at the time of detection 
made by the first detection system, and- a controller 
for controlling the Z-drive system on the basis of the 
calculated deviation the stored second Z-position and 
the third Z-position detected by the third detection- 
system when the area on the substrate corresponding to 
the detection area of the first detection system is 
positioned in the imaging field o£ the imaging system 
by a movement caused by the scanning mechanism or the 
movable stage mechanism. 

The present invention is applicable to a scanning 
exposure method in which all of a pattern of a mask (a 
reticle) is transferred onto a sensitive substrate (a 
wafer} by projecting a part of the mask pattern on the 
sensitive substrate through a projection optical system 
and by simultaneously moving the mask and the sensitive 
substrate relative to a projection field of the 
projection optical system. 

The present method includes the steps of mounting 
the sensitive substrate on a holder having an auxiliary 
plate portion formed so as to surround the sensitive 
substrate at a height substantially equal to the height 
of an obverse surface of the sensitive substrate, 
previously reading a focus error of an exposure area on 
the sensitive substrate on which area a part of the 
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pattern of the mask is to be projected, the focus error 
"of the exposure area being read before the exposure 
area reaches the projection field of the projection 
optical system during scanning movement of the holder 
and the sensitive substrate, detecting a focus error of 
the obverse surface of a part of the sensitive 
substrate or the auxiliary plate portion by an exposure 
position focus detection system disposed apart from the 
projection field of the projection optical system in a 
direction (X) perpendicular to the direction (Y) of the 
scanning movement when the exposure area on the 
sensitive substrate reaches the projection field, 
adjusting the distance between the projection optical 
system and the sensitive substrate on the basis of the 
detected focus errors so that the focus error of the 
exposure area on the sensitive substrate is corrected 
in the projection field of the projection optical 
system. 

A focus detection sensor or a focus detection 
method suitable for manufacturing (processing) 
apparatuses, imaging apparatuses and inspection 
apparatuses is achieved similarly by replacing the 
projecting optical system used for the above-described 
exposure apparatus (aligner) or the exposure method 
with an objective optical system for manufacturing, 
writing, imaging or inspection. 
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nPTAILED DESCRIPTION 

Fig. 1 shows the entire construction of a 
projection exposure apparatus in a first embodiment of 
the present invention, and which is a lens-scan type.- 
projection aligner in which a circuit pattern on a 
reticle is projected onto a semiconductor wafer through 
a reduction projection lens system having circular 
image fields telecentrically formed on the object side 
and the image side while the reticle and the wafer are 
being moved relative to the projection lens system to 
be scanned. 

An illumination system shown in Fig. 1 includes an 
ArF excimer laser light source for emitting pulse light 
having a wavelength of 193 nm, a beam expander for 
shaping a cross section of the pulse light from the 
light source into a predetermined shape, an optical 
integrator, such as a fly's- eye lens for forming a 
secondary light source image (a sec of a plurality of 
point light sources) by receiving the shaped pulse 
light, a condenser lens system for condensing the pulse 
light from the secondary light source image into pulse 
illumination light having a uniform illuminance 
distribution, a reticle blind (illumination field stop) 
for shaping the pulse illumination light into a 
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rectangular shape elongated in a direction 
perpendicular to the scanning direction at the time of 
scanning exposure, and a relay optical system for 
imaging the rectangular opening of the reticle blind on 
a reticle R in cooperation with a mirror 11 and a 
condenser lens system 12 shown in Fig. 1. 

The reticle R is supported on a reticle stage 14 
by vacuum suction attraction. The reticle stage 14 can 
move at a constant speed in one dimension with a large 
stroke during scanning exposure. The reticle stage 14 
is guided on a column structure 13 of an aligner body 
laterally as viewed in Fig. 1 to move for scanning. 
The reticle stage 14 is also guided so as to move in a 
direction perpendicular to the plane of the figure. 

The coordinate position and the fine rotational 
deviation of the reticle stage 14 in an XY-plane are:- 
successively measured by a laser interferometer system 
(IFM) 17 which projects a laser beam onto a moving 
mirror (plane mirror or corner mirror) 16 attached to a 
portion of the reticle stage 14 and which receives the 
beam reflected by the mirror 16. A reticle stage 
controller 20 controls motors 15 (such as. a linear 
motor or a voice coil) for driving the reticle stage 14 
on the basis of the XY-coordinate position measured by 
the interferometer system 17, thereby controlling the 
scanning movement and the stepping movement of the 
reticle stage 14. 

When a part of a circuit pattern area on the 
reticle R is irradiated with rectangular shaped pulse 
of light emitted from the condenser lens system 12, an 
imaging light beam from the pattern in the illuminated 
part is projected and imaged on a sensitive resist 
layer applied on the upper (principal) surface of a 
wafer W through a 1/4 reduction projection lens system 
?h. The optical axis AX of the projection lens system 
PL is placed so as to extend through center points of 
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the circular image fields and to be coaxial with the 
optical axes of the illumination system 10 and the 
condenser lens system 12. 

The projection lens system PL includes a plurality 
of lens elements made e.g. of two different materials, 
such as quartz and fluorite having high transitu ttance 
with respect to ultra- violet rays having a wavelength 
of 193 nm. Fluorite is used mainly to form lens 
elements having a positive power. The air in the lens 
barrel in which the lens elements of the projection 
lens system PL are fixed is replaced with nitrogen gas 
so as to avoid absorption of the pulse illumination 
•light having a wavelength of 193 nm by oxygen. Similar 
nitrogen gas replacement is performed with respect to 
the optical path from the interior of the illumination 
system 10 to the condenser optical system 12. 

The wafer W is held on a wafer holder (chuck) WH 
which attracts the reverse (backside) surface of the 
wafer by vacuum suction. An annular auxiliary plate 
portion HRS is provided on a peripheral portion of the 
wafer holder WH so as to surround the circumference of 
the wafer W. The height of the surface of the 
auxiliary plate portion KRS is so as to be 
substantially flush with the upper surface of the wafer 
W attracted to the upper surface of the holder WH. This 
auxiliary plate portion HRS is used as an alternative 
focus detection surface if a detection point of a focus 
sensor is positioned outside the contour edge of the 
wafer W when a shot area at a peripheral position on 
the wafer W is scanned and exposed, as described below 
in detail. 

Further, the auxiliary plate portion HRS can also 
serve as a flat reference plate (fiducial plate) for 
calibration of a system offset of the focus sensor in 
the same manner as disclosed in U.S. Patent 4,650,983 
(to Suwa) mentioned above. Needless to say, a special 
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reference plate may be separately provided for 
calibration of the focus sensor. 

The wafer holder WH is mounted on a ZL stage 3 0 
which can translate in the Z- direction along the 
optical axis AX of the projection lens PL, and which 
can move in a direction perpendicular to the optical 
axis AX while tilting with respect to an XY-plane. The 
ZL stage 3 0 is mounted on an XY stage 34 through three 
Z-actuators 32A, 323, and 32C. The XY stage 34 is 
movable two dimensionally in X- and Y-directions on a 
base. Each of the Z-actuators 32A, 32B, and 32C is 
e.g. a piezoelectric expansion element, a voice coil 
motor, or a combination of a DC motor and a lift cam 
mechanism. 

If the three Z-actuators (or Z-drive motors) are 
each driven in the Z-direction to the same amount, the 
ZL stage 30 moves translationally in the Z-direccion 
[focusing direction) while being maintained parallel to 
the XY stage 34. If the three Z-actuators are each 
driven in the Z-direction different amounts, an amount 
and a direction of the tilting of the ZL stage 30 is 
thereby adjusted. 

The two-dimensional movement of the XY stage 34 is 
caused by several drive motors 3 6 which are e.g. a DC 
motor for rotating a feed screw or a linear motor or 
the like capable of producing a driving force in a non- 
contact manner. The drive motors 36 are controlled by 
a wafer stage controller 35 which is supplied with a 
measuring coordinate position from a laser 
interferomecer (IFM) 3 3 for measuring changes in the 
position of a reflecting surface of a moving mirror 31 
in the X- and Y-directions. 

For example, the entire construction of the XY 
stage 34 using a linear motor as drive motor 3 6 may be 
as disclosed in Japanese Laid-Open Patent Application 
No.(Sho) 61-209831 (Tateishi Electronics Co.) laid open 
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on September 18, 1986. 

With respect to this embodiment, it is assumed 
here that the working distance of the projection lens 
PL is so small that a projected beam of an oblique 
incident light type focus sensor cannot be led to the 
wafer surface through the space between the surface of 
the optical element of the projection lens system PL 
closest to the image plane and the upper surface of the 
wafer W. In this embodiment, therefore, three focus 
detection systems GDL, GDC, and GDR of an off -axis type 
(having a focus detection point cut of the projection 
field of the projection lens PL) are disposed around a 
• lower end portion of the barrel of the projection lens 
PL. 

Of these focus detection systems, the detection 
systems GDL and GDR are set so as to have focus 
detection points positioned on the front and rear sides 
of the projection field with respect to the direction 
of scanning movement of the wafer w at the time of 
scanning exposure. When one shot area on the wafer W 
is scanned and exposed, one of the detection systems 
GDL ad GDR selected according to the direction of 
scanning movement (plus direction or minus direction) 
is operated so as to previously read the change in the 
surface height position in the shot area before 
exposure of the wafer to the rectangular projected 
image , 

Accordingly, the focus detection systems GDL and 
GDR function, for example, as the same pre-read sensors 
as those of a focus detection system disclosed in U.S. 
Patent 5,448.332 (Co Sakakibara et al . ) . In this 
embodiment, however, a focus adjustment (or tilt 
adjustment) sequence different from that of U.S. Patent 
5,448,332 is used and a special focus detection system 
is therefore added to the focus detection systems GDL 
and GDR. This arrangement is described below in more 
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detail. 

The focus detection system GDC shown in Fig. 1 has 
a detection point in a non-scanning direction 
perpendicular to the scanning direction of the 
projection field of che projection lens PL as seen on 
the surface of the wafer W (i.e., in an XY plane) in 
accordance with the off -axis method. However, the 
focus detection system GDC has another detection point 
on the back side of the projection lens ?L as viewed in 
Fig. 1 in addition to its detection point on the front 
side. 

The focus detection method in accordance with the 
present invention is characterized in that the off -axis 
focus detection system GDC and one of the pre-reading 
focus detection systems GDL and GDR are operated in 
cooperation with each other. Details of these focus- 
detection systems are described below. 

Information on the height position of a portion of 
the wafer surface detected by each of the above- 
described focus detection systems GDL, GDR, and GDC 
(e.g., an error signal or the like representing the 
amount of deviation from the best focus position) is 
input to an automatic focusing <AF) control unit 38. 
The AF control unit 38 determines an optimal amount of 
driving of each of the Z-drive motors 32A, 323, and 32C 
on the basis of the detection information supplied from 
the detection systems, and drives the Z-drive motors 
3 2A, 3 2b, and 32C to perform focusing and tilt 
adjustment with respect to the area of the wafer W on 
which the projected image is to be actually imaged. 

For this control, each of the focus cetec-ion 
systems GDL and GDR is a multi-point focus sensor 
having detection points at a plurality of positions 
(e.g., at least two positions) in the rectangular 
projection area on the wafer W formed by the projection 
lens PL, and the AF control unit 38 is capable of tilt 
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adjustment of the wafer W at least in the non-scanning 
direction (X-direction) as well as focusing. 

The aligner shown in Fig. 1 is arranged to perform 
scanning exposure by moving the XY stage 34 at a 
constant speed in the Y-direction. The relation of the 
scanning movement and the stepping movement of the 
reticle R and the wafer W during scanning exposure will 
now be described with reference to Fig. 2. 

Referring to Fig. 2, a fore-group lens system LGa 
and a rear-group lens system LGb represent the 
projection lens system PL shown in Fig. i, and an exit 
pupil Ep exists between the fore-group lens system LGa 
and the rear-group lens system LGb. On the reticle R 
shown in Fig. 2, a circuit pattern area Pa having a 
diagonal length larger than the diameter of the 
circular image field on the object side of the :. 
projection lens PL is formed in a frame defined by a 
shield band SB. 

To the image of the area Pa of the reticle R, a 
corresponding shot area SAa on the wafer W is exposed 
in a scanning manner by moving the reticle R at a 
constant speed Vr in the minus direction along the Y- 
axis while moving the wafer W at a constant speed Vw in 
the plus direction along the Y-axis, for example. At 
this time, the shape of pulse illumination light IA for 
illuminating the reticle R is set in the form of a 
parallel strip or a rectangle elongated in the X- 
direction in the area Pa of the reticle, as shown in 
Fig. 2.. The ends of the shape of pulse illumination 
light IA opposite from each other in the X-cirection 
are positioned on the shield band SB. 

A partial pattern contained in the rectangular 
area in the area Pa of the reticle R irradiated with 
the pulse illumination light IA is imaged as an image 
SI at the corresponding position in the shot area SAa 
on the wafer W by the projection lens system PL (lens 
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systems LGa and LGb) - When the relative scanning of 
the pattern area Pa on the reticle R and the shot area 
SAa on the wafer W is completed, the wafer W is moved 
one step, for example, to a certain distance in the Y- 
direction such that the scanning start position is set 
with respect to a shot area SAb adjacent to the short 
area SAa. During this stepping movement, the 
illumination with pulse illumination light IA is 
stopped. 

Next, in order to expose the shot area SAb on the 
wafer W to the image of the pattern in the area Pa of 
the reticle R in a scanning manner, the reticle R is 
moved at the constant speed Vr in the plus direction of 
the Y-axis relative to pulse illumination light IA and 
the wafer W is simultaneously moved at the constant 
speed Vw in the minus direction of the Y-axis relative 
to the projected image SI. The speed ratio Vw/Vr is 
set to the reduction, ratio l/4 of the projection lens 
system PL. In accordance with the above -described 
schedule, a plurality of shot areas on the wafer W are 
exposed to the image of the circuit pattern area Pa of 
the reticle R. 

The projection aligner shown in Figs. 1 and 2 can 
be used as a step -and- repeat aligner in such a manner 
that, if the diagonal length of the the circuit 
pattern area on the reticle R is smaller than the 
diameter of the circuit image field of the projection 
lens system PL, the shape and si2e of the opening of 
the reticle blind in the illumination system 10 are 
changed so that the shape of illumination light IA 
conforms to the circuit pattern area. In such a case, 
the reticle stage 14 and the XY stage 3 4 are maintained 
in a relatively-stationary state during exposure of 
each of shot areas on the wafer W. 

However, if the wafer W moves slightly during 
exposure, the slight movement of the wafer W may be 
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measured by the laser interferometer system 33 and the 
reticle stage 14 may be slightly moved under control so 
that the corresponding small error in the position of 
the wafer W relative to the projection lens system PL 
is canceled by follow-up correction on the reticle R 
side. For example, systems for such reticle follow-up 
correction are disclosed in Japanese Laid-Open Patent 
Application Nos. (Hei) 6-204115 and (Hei) 7-220998 . 
Techniques disclosed in these publications may be used, 
according to one's need. 

If the shape or size of the opening of the reticle 
blind is changed, a zoom lens system may be provided to 
enable the pulse light reaching the reticle blind from 
the light source to be concentrated within the range 
matching with the adjust- ed opening according to the 
change in- the shape or size of the opening. 

Since the area of the projected image SI is set in 
the form of a strip or a rectangle elongated in the X- 
direction as clearly seen in Pig. 2, tilt adjustment 
during scanning exposure may be effected only along the 
direction of rotation about the Y-axis, that is, the 
rolling direction with respect to the scanning exposure 
direction in this embodiment. Needles to say, if the 
width of the projected image SI area in the scanning 
direction is so large that there is a need to consider 
the influence of flatness of the wafer surface with 
respect to the scanning direction, tilt adjustment in 
the pitching direction is performed during scanning 
exposure, .This operation will be described in more 
detail with respect to another embodiment of the 
invention . 

The focus detection systems GDL, GDR, and GDC 
shown in Fig. 1 are disposed as illustrated in Fig. 3, 
for example. Fig. 3 is a perspective view showing the 
disposition of detection points of the focus detection 
systems on the plane on which the circular image field 
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CP of the projection lens PL on the image side is 
formed. Fig. 3 shows only the disposition of the focus 
detection systems GDL and GDC. The focus detection 
system GDR is omitted since it has the same 
configuration as the detection system GDL. 

Referring to Fig. 3, the focus detection system 
GDC has two detectors GDC1 and GDC2 which are set so 
that detection points {detection areas) FC1 and FC2 are 
positioned on an extension line LLc of the axis of the 
strip-lixe of rectangular projected image SI extending 
in- the circular field CP of the projection lens PL in a 
diametrical direction (X- direction) . These detectors 
GDC1 and GDC2 detect the height position of the upper 
surface of the wafer W (or auxiliary plate portion HRS) 
or a positioning error amount in the z-direction with 
respect" to the best focus plane position.. 

On the other hand, the focus detection system GDL 
includes in the embodiment five detectors GDA1 , GDA2 , 
GDBl r GBD2 , and GDB3 having respective detection points 
{detection areas) FA1, FA2, FBI, FB2, and FB3 
positioned on a straight line LLa parallel to the 
extension line LLc. Each of these five detectors 
independently detects the height position of a point on 
the upper surface of the wafer W (or auxiliary plate 
portion HRS) or a positioning error amount in the Z- 
direction with respect to the best focus plane 
position. 

The extension line LLc and the straight line LLa 
are set at a certain distance from each other in the 
scanning direction (Y-direction) . Also, the detection 
point FA1 of the detector GDA1 and the detection point 
FC1 of the detector GDC1 are set at substantially the 
same coordinate positions in the X-direction while the 
detection point FA2 of the detector GDA2 and the 
detection point FC2 of the detector GDC 2 are set at 
substantially the same coordinate positions in the X- 
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direction. 

The detection points FBI, FB2, and FB3 of three 
detectors GDBl, GDB2, and GDB3 are disposed so as to 
cover the area of the strip-li*e or rectangular 
projected image SI in the X- direction. That is, the 
detection point FB2 is disposed at a X-coordinate 
position corresponding to the center (the point at 
which the optical axis AX passes) of the area of the 
projected image SI in the X-direction while the 
detection points FBI and FB3 are disposed at X- 
coordinate positions corresponding to positions in the 
vicinity of the opposite ends of the projected image SI 
area in the X-direction. Therefore, the three 
detection points FBI , FB2 , and F33 are used for focus 
error pre-reading of the surface portion of the wafer W 
corresponding to the projected image SI area. 

The focus detection system GDR, not shown in Fig. 
3, also has three pre-readina detectors GDE1, GDE2 , 
GDE3 and other two detectors FDD1 and GDD2 disposed 
opposite sides of these pre-reading detectors in the X- 
direction. For ease of explanation, with respect to 
this embodiment, it is assumed that the planes 
recognized as best focus positions by the twelve 
detectors GDA1 , GDA2; GDBl, GDB2 , GDB3 ; GDCl, GDC 2 ; 
GDD1, GDD2; GDE1 , GDE2 , GDE3 are adjusted to one XY- 
plane. That is, no system offset is provided between 
the twelve detectors and it is assumed that the surface 
height positions of the wafer W detected at the twelve 
detection points FA1, FA2 ; FBI, F32, FB3; FC1, FC2 ; 
?D1, FD2; FEl, FE2 , FS3 as positions at which the 
detected focus error becomes zero coincide closely with 
each other. 

For the above-described twelve focus detectors, 
optical sensors, air micrometer type sensors, 
electrostatic capacity type gap sensors or the like can 
be used if the end of the projection lens PL is not 
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immersed in a liquid. However, if an immersion 
projection system is formed, it is, of course, 
impossible Co use air micrometer type sensors. 

Fig. 4 is a block diagram of an example of the AF 
control unit 38 for processing detection signals (error 
signals) from the focus detection systems GDL, GDR, and 
GDC shown in Figs. 1 and 3. As shown in Fig. 4, one of 
the group of detection signals from the five detectors 
GDA1, GDA2, GDB1, GDB2, and GDB3 of the pre-reading 
focus detection systems GDL and the group of detection 
signals from the five deteccors GDDl, GDD2, GDE1, GDE2, 
and GDE3 of the focus detection systems GDR are 
selected by a changeover circuit 50 to be supplied to 
subsequent processing circuits. 

The changeover circuit 50 selects the signals from, 
one of the focus detection systems GDL and GDR in 
response to a changeover signal SSI (representing a 
direction discrimination result) supplied from a 
position monitor circuit 52 which discriminates one 
scanning movement direction of the wafer stage 34 from 
the other on the basis of stage control information 
from the wafer stage controller 35, and which monitors 
changes in the moved position of Che wafer W from the 
pre- read position to the exposure position. In the 
state shown in Fig. 4, the changeover circuit 50 is 
selecting the five detection signals from the focus 
detection system GDL. 

The detection signals from the pre-reading 
detectors GDB1 , GD32 , and GDB3 with respect to the 
exposure area (projected image SI) are supplied to a 
first calculator 54 for calculating a focus error 
amount and a tilt error amount. The calculator 54 
supplies a second calculation and memory circuit 56 
with error data DTI and DT2 on focus error amount kZt 
and tilt error amount 6Tx (fine inclination about the 
Y- axis) of the surface area of the wafer W previously 
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read at the three detection points FBI , FB2, and FB3. 

On the other hand, the detectors GDA1 and GDA2 
supplies the second calculation and memory circuit 56 
with information ZAl and information ZA2 representing 
the surface height positions (or focus deviations) at 
the detection points FA1 and FA2 simultaneously with 
the detection of the wafer surface by the three 
detectors GDB1, GBD2 , and GDB3 . 

The second calculation and memory circuit 56 
calculates, on the basis of error data DTI , DT2, 
information ZAl, ZA2 and the relative positional 
relationship between the detectors, target values AZ1 
and AZ2 of the height position of the wafer W which 
should be detected at the detection points FC1 and FC2 
of the detectors GDC1 and GDC2 set at the projection 
exposure position with respect to the Y-direction 
(scanning direction) . The second calculation and 
memory circuit 56 temporarily stores the calculated 
target values AZ1 and AZ2 , 

The meaning of the target values AZ1 and AZ2 is 
that, if information ZC1 and information ZC2 detected 
by the detectors GDC1 and GDC2 when the surface 
portions of che wafer W (or auxiliary plate portion 
HRS) previously read at the pre- reading detection 
points FA1 and FA2 reach the detection points FC1 and 
FC2 corresponding to the exposure position are equal to 
the target values AZ1 and AZ2, respectively, both the 
focus error amount AZf and tilt error amount ATx 
determined by pre-reading become zero at the exposure 
position. 

Further, Che second calculation and memory circuit 
5 6 outputs the stored target values AZ1 and AZ2 to a 
third calculation and drive circuit 58 immediately 
before the pre-read area on the wafer with respecc to 
the Y-direction arrives at the exposure position at 
which the projected image SI is exposed. 
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Accordingly , in synchronization with a signal SS2 
output from the position monitor circuit 52, the second 
calculation and memory circuit 56 outputs signals 
representing target values AZ1 and A22 temporarily 
stored to the third calculation and drive circuit 53 
after delaying the signals by an amount of time 
determined by the distance between the straight line 
LLa and the extension line LLc in the Y-direction and 
the speed of movement of the wafer W. 

If signal SS2 is output each time the wafer W is 
moved to be scanned through a distance corresponding to 
the width of the projected image SI in the scanning 
direction, a certain number of sets of target values 
AZl and AZ2 (e.g., five sets) corresponding co a number 
obtained by dividing the distance between the straight 
line LLa and the extension line LLc in the Y-direction 
(e.g., about 40 mm) shown in Fig. 3 by the width of the 
projected image SI (e.g., about 8 mm) are temporarily 
stored in the second calculation and memory circuit 
56. Accordingly, the second calculation and memory 
circuit 56 functions as a memory for storing target 
values t>Z\ and LZ2 in a first in- first out (FIFO) 
manner . 

The third calculation and drive circuit 58 reads, 
in response to a signal SS3 from the position monitor 
circuit 52, detection information ZC1 and 2C2 on the 
height position of the surface of the wafer w (or 
auxiliary plate portion HRS) detected by the detectors 
GDC1 and GDC 2 immediately before the area on the wafer 
W detected at the pre-read position reaches the 
exposure position (the position of the projected image 
SI) . 

Simultaneously, the third calculation and drive 
circuit 58 reads the data of target values A21 and AZ2 
(corresponding to the exposure position) output from 
the second calculation and memory circuit 56, 
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determines, by calculation, drive amounts (amounts of 
position adjustment or amounts of speed adjustment) 
corresponding to the Z-drive motors 32A f 32B, and 32C 
shown in Fig. 1 on the basis of information ZC1 and ZC2 
and target values AZ1 and 622, and outputs determined 
drive amount data to the Z-drive motors 32A. 3 23, and 
32C. 

It is to be understood that most of the element of 
Pig. 4 may be embodied in a programmed microcontroller 
or microprocessor, executing a suitable program which 
could be written by one of ordinary skill in the art in 
light of Fig. 4. 

Fig. 5 is a plan view explaining the function of 
the auxiliary plate portion HRS formed at the 
peripheral portion of the wafer holder WH as shown in 
Fig. 1. In this embodiment; since all the detection*, 
points of the focus detection systems are positioned 
outside the projection field CP of the projection lens 
PL as described above, there is a possibility of some 
of the focus detection points being located outside the 
perimeter of wafer W at the time of scanning exposure 
of some of a plurality of shot areas SAn on the wafer 
arranged at the peripheral portion of the wafer W. 

For example, as shown in Fig. 5, when a peripheral 
shot area SA1 of the wafer w positioned on the holder 
WH by using a prealignment notch NT is scanned and 
exposed, the end focus detection point FA1 {or FDD of 
the pre-reading focus detection system GDL (or GDR) and 
the detection point FC1 of the exposure position focus 
detection system GDC are located outside the wafer W. 
In this state, ic is difficult to normally perform 
focusing and tilt adjustment. 

A main function of the auxiliary plate portion HRS 
is enabling normal focusing and tiling in such a 
situation. As shown in Fig. 5, the detection point FA1 
(or FDD and the detection point FCi located outside 
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the of the wafer W are set so as to be positioned on 
the surface of the auxiliary plate portion HRS. 
Accordingly, it is desirable that the height of the 
surface of the auxiliary plate portion HRS is 
substantially equal to that of the surface of the wafer 
W. 

. More specifically, the surface of the wafer W and 
the surface of the auxiliary plate portion HRS are made 
flush with each other within the detection ranges which 
correspond to the detection points FAZ (FA2), FCl 
(FC2) , and FD1 (FD2 ) and in which the desired linearity 
of the focus detectors corresponding to the detection 
points are ensured. Further, since the surface of the 
auxiliary plate portion HRS is used as an alternative 
to the surface of the wafer W, its reflectivity -is set 
on the same order or to the same value as the 
reflectivity of a standard (silicon) wafer. For 
example, a mirror- finished surface is preferred as the 
auxiliary plate portion HRS. 

If the wafer W (on wafer holder WH) is moved to be 
scanned in the direction of the arrow shown in Fig. 5, 
the detection points FA1 , FA2 ; FBI, FS2 , F33 o£ the 
focus detection system GDL are selected as pre-reading 
sensors with respect to the shot area SA1. In this ^ 
event, if the distance between the extension line 
corresponding to the center of the projected image SI 
in the Y-direction and the straight line LLa on which 
the detection points of the focus detection system GDL 
are disposed is telVand if the distance between the 
extension line LLc and the straight line LLb on which 
the detection points of the other focus detection 
system GDR are disposed is DL»b, DLa and Dlb are set so 
that DLa is approximately equal to DLb in this 
embodiment. From the speed Vw of the wafer W at the 
time of scanning exposure, the delay time 6t taken for 
the focus pre-read position on the wafer W to reach the 
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exposure position is £tt - DLa/Vw (sec.}. Accordingly, 
the time for temporary storage of target value data AZ1 
and AZ2 in the second calculation and memory circuit 56 
shown in Fig. 4 is substantially equal to the time lag 
At . 

However, the distance DLa and the distance DLb may 
be selected so that DLa does not equal DLb according to 
a restriction relating the construction of the aligner. 
Needless to say, in such a case, the delay time of 
supply of the target values 621 and AZ2 are set to 
different lengths with respect to use of the pre- 
reading focus detection system GDL and use of the focus 
detection system GDR. 

The focusing and tilting operations of the first 
embodiment arranged as described above is now described 
with reference to Figs. 6 A through 6D. Fig. 6A 
schematically shows a state of the upper surfaces of 
the wafer W and the auxiliary plate portion KRS 
detected by the pre-reading focus detection system GDL 
at an instant during scanning exposure of the 
peripheral shot area SA1 of the wafer W as shown in 
Fig. 5. 

In Figs. 6A through 6D, a horizontal line 3FP 
represents the optimum focus plane of the projection 
lens FL. The detector GDB1 that detects the position 
of the wafer surface in the Z -direction at the focus 
detection point FBI in the shot area SA1 outputs a 
detection signal representing AZB1 as a Z* position 
error {amount of defocusing) of the wafer surface with 
respect to the plane Br? . Similarly, the detectors 
GDB2 and GDB3 that detect errors of the position of the 
wafer surface in the Z-direction at the focus detection 
points F32 and FB3 output detection signals 
representing errors AZB2 and AZB3 . Each of these Z- 
position errors has a negative value if the wafer 
surface is lower than the best focus plane BF? , or has 
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a positive value if the wafer surface is higher than 
the best focus plane BFP. 

The values of these errors AZB1, AZB2 , and AZB3 
are input to the first calculation and memory circuit 
54 shown in Fig. 4. The first calculation and memory 
circuit 54 determines parameters of an equation 
representing an approximate plane APP (actually an 
approximate straight line) shown in Fig. 6B of the 
entirety of the pre-read portion in the shot area SA1 
by the method of least squares or the like on the basis 
of these error values. The parameters thereby 
determined are focus error amount AZf and tilt error 
amount ATx of the approximate plane APP, as shown in 
Fig. SB. The values of error amount a2f and amount ATx 
thus calculated are output as data DTI and DT2 to the 
second calculation and memory circuit 56. In- this !■ 
embodiment, the focus error amount AZf is calculated as 
an error substantially at the middle point 
(corresponding to detection point F32)of the shot area 
SA1 in the X-direction. 

When the detectors GDB1, GDB2, and GDB3 detect Z- 
position errors as described above, the detectors GDA1 
and GDA2 simultaneously detect Z-position errors AZA1 
and AZA2 of the wafer surface or the surface of the 
auxiliary plate portion HRS with respect to the best 
focus plane at the detection points FA1 and FA2 . These 
errors AZA1, AZA2 are temporarily stored in the second 
calculation and memory circuit 56. 

Immediately after this detection and storage, 
assuming that the approximate plane APP such as that 
shown in Fig. 63 is corrected so as to coincide with 
the best focus plane BFP as shown in Fig. 6C, that is, 
the wafer holder WH is adjusted in the Z-direction and 
the tilting direction so that AZf - 0 and ATx - 0, the 
second calculation and memory circuit 56 calculates the 
Z-position target value AZ1 to be detected at the 
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detection point FA1 and the Z-position target value AZ2 
to be detected at the detection point FA2 on the basis 
of data DTI and DT2 (error amount AZf and ATx) , Z- 
position errors AZA1, AZA2 actually measured at the 
detection points FA1 and FA2 and the distance DS 
between the middle point of the shot area and each of 
the detection points FAi and FA2 in the X-direction. 
The calculated Z-position target values aZl and AZ2 are 
temporarily scored in the second calculation and memory 
circuit 56 until the pre-read area on the wafer W 
reaches the area of Che projected image SI (exposure 
position) . 

When the pre-read area on the wafer W reaches the 
.exposure position, the third calculation and drive 
circuit 58 shown in Fig. 4 reads the detection signals 
from the focus detectors GDC1 and GDC 2 for detecting Z- 
position errors at the detection points FC1 and FC2 . 
If, for example, the pre-read area on the wafer W is in 
a state such as shown in Fig. 6D immediately before it 
reaches the" exposure position, the detector GDCl 
outputs detection signal ZC1 representing a Z-position 
error at the detection point FC1 while the detector 
GDC2 outputs detection signal ZC2 representing a Z- 
position error at the detection point FC2 . 

Then the third calculation and drive circuit 58 
calculates the drive amounts for the three Z-actuators 
32A, 32B, and 32C necessary for tilting the wafer 
holder WH and/or translating the wafer holder WH in the 
Z-direction so that the values of detection signals ZC1 
and ZC2 supplied from the detectors GDCl and GDC2 
become respectively equal co the Z-position target 
values AZ1 and AZ2 which are supplied from the second 
calculation and memory circuit 56 by being delayed. 
The third calculation and drive circuit 58 supplies the 
Z-actuators 32A, 32B, 32C with signals corresponding to 
the calculated drive amounts. 
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The shot area SA1 of the upper surface of wafer V7 
is thereby precisely adjusted to coincide with the best 
focus plane BFP at the exposure position. As a result, 
the projected image SI of the pattern of the reticle R 
to be maintained in an optimal imaged state is exposed 
in the scanning mode of the shot area. 

For this operation in the first embodiment, each 
detector in the pre-reading focus detection system GDL 
and each detector- in the exposure position focus 
detection system GDC are set (calibrated) so as to 
output a detection signal indicating that there is no 
focus error when the surfaces of the wafer W or the 
auxiliary plate portion HRS coincide with the best 
focus plane BFP. However, it is difficult to strictly 
set the detectors in such a state. In particular, a 
detection offset between the detectors GDAl and GDA2- 
(GDDL and GDD2) in the pre-reading focus detection 
system GDL (GDR) and the exposure position focus 
detectors GDC1 and GDC 2 steadily defocuses the pattern 
image formed on the wafer W for exposure. 

Therefore, an offset value between the height 
position in the Z-direction at which the detector GDC1 
detects the zero focus error and the height position in 
the Z-direction at which the detector GDAl (GDD1) 
detects the zero focus error may be measured and stored 
by simultaneously performing focus detection by these 
detectors on the extremely high flatness surface of a 
reflective glass plate (or fiducial plate) provided on 
the wafer holder WH . This surface may be structure HRS 
or another structure separate from structure KRS. As a 
result, the correccion by the scored offset value may 
be made when the Z- actuators 3 2A, 3 2B, and 3 2C are 
drive on the basis of the Z-position errors detected by 
the exposure position focus detectors GDC1 and GDC 2 . 

The construction of a focus and tilt sensor in 
accordance with a second embodiment of the present 
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invention is next described with reference to 
and h&( With respect to the second embodiment, a 
situation is supposed in which the projected image SI 
contained in the circular field of the projection lens 
PL has a comparatively large maximum width in the Y- 
direction (scanning direction) such that the influence 
of a tilt of the surface of wafer W in the Y-direction, 
i.e., pitching, is considerable. 

As shown in Fig. bW an exposure position focus 
detector GDC1 (not illustrated) is provided which has 
two detection points FCla and FClb disposed 
symmetrically about extension lineLLc in the Y- 
direction above the projected image SI, and another 
exposure position focus detector GDC2 (not illustrated) 
■is provided which has two detection points FC2a and ■ 
FC2b disposed symmetrically about extension line LLciin- 
the Y-direction below the projected image SI. Further, 
a pre-reading focus detector GDA1 having two detection 
points FAla and FAlb disposed symmetrically about 
straight line LLa in the Y-direction and a pre-reading 
focus detector GDA2 {not illustrated) having two 
detection points FA2a and FA2b disposed symmetrically 
about straight line LLa in the Y- direction are 
provided. Similarly, a pre-reading focus detector GDD1 
(not illustrated) having two detection points FDla and 
FDlb disposed symmetrically about straight line LLb in 
the Y-direction and a pre-reading focus detector GDD2 
having two detection points FD2a and FD2b disposed 
symmetrically about straight line LLb in the Y- 
direction are provided. 

Pre-reading focus detectors GDSn (n « 1, 2, 3) 
(not illustrated) having pairs of detection points 
FBia, F31b; F32a ( F32b; F33a, F33b, and pre-reading 
focus detectors GDEn (n - 1, 2, 3) (not illustrated) 
having pairs of detection points FEla, FElb; FS2a, 
FE2b; FE3a , FE3b are also provided. Each pair of 
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detection points are spaced apart from each other in 



reproduces adjustment amounts {i.e., target values AZ1 
and 6Z2) necessary for correcting the pre-read surface 
configuration (i.e., error amount hZf and ATx) of each 
shot area at the detection points of the off-axis 
detectors GDC1 and GDC 2 in the same manner as the 
above-described first- embodiment, thereby enabling 
focus adjustment in the Z-direction and tilt adjustment 
in the X-direction (rolling direction) of the exposure 
area. 

In this embodiment, since the pre-reading focus 
detection system GDL (GDR) and the exposure position 
focus detection system GDC have pairs of detection 



FDna and FDnb; FEna and FSnb) spaced apart by a certain 
distance in the Y-direction, a tilt error amount ATy of 
the pre-read shot area in the pitching direction can be 
detected from the differences between Z-position errors 
at the detection points (... na, ... nb) forming pairs 
in the Y-direction, and adjustment amounts (i.e., 
target values AZA1, AZA2) necessary for correcting the 
surface configuration of the shot area including of the 
tilt error amount ATy, can be reproduced at the 
detection points (FCna and FCnb) of the off -axis 
detectors GDC1 and GDC2 . 

The detectors GDB1 , GDB2, and GDB3 for detecting 
the focus -positions at the detection positions FBI , 
FB2 , and F33 shown in Fig. 3 are disposed as syscems 
independent of each other by being fixed to a lower 
portion of the projection lens PL. However, at least 
these three detectors GDB1 , GD32, and GDB3 may be 
arranged to detect the focus positions at the detection 
points FBI/ F32, and F33 through a common objective 
lens system. The same can also be said with respect to 



the Y-direction. 

The focus detection system shown 




points 
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the group of three detectors GDE1, GDE2, and GDE3 for 
detecting the focus positions at the detection points 
FE1, FE2 , and FE3 shown in Fig. 5. 

Further, a common objective lens system may be 
used for the same purpose with respect to the group of 
six detectors for detecting the focus positions at the 
six detection points ^flna and FBnb (n = 1, 2, 3) shown 
in Fig. bj/or the other group of six detectors for 
detecting the focus positions. at the six detection 
points FEna and FSnb (n - 1, 2, 3>. An arrangement of 
using a common objective lens system for detectors for 
detecting the focus positions at a plurality of 
detection points is therefore described briefly with 
reference to Fig. 

Fig. ba^is a schematic side view of the positional 
relationship between the projection lens and the 
detectors corresponding to the six detection points 
FBna and FBnb (n - 1, 2, 3) and the four detection 
points FAla, FAlb, FA2a , and FA2b shown in Fig. Was 
seen in the Y-direction in Fig. ^J/ Accordingly, the 
scanning direction of the wafer W in Fig. ^0 is a 
direction perpendicular to the plane of the figure and 
the five detection points FAla, FBna (n = 1, 2, 3), and 
FA2a arranged in a row in t^e X direction at the 
leftmost position in Fig. bj/are representatively shown 
in Fig. Another row of detection points FAln, FBnb 

{n - 1, 2, 3), and FA2b are adjacent to the five 
detection points FAla, FBna (n = 1, 2, 3), and FA2a (in 
a direction perpendicular to paper of Fig. wf- In 
this embodiment, the focus positions ac these ten 
DOints are detected through the objective lens system. 

As shown in Fig. illumination light ILF from 

an illumination optical system 80A including a light 
source (e.g. a light emitting diode, a laser diode, a 
halogen lamp or the like) capable of emitting light in 
a wavelength range to which the resist layer on wafer w 
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is not sensitive is emitted through each of ten small 
slits formed in a multi-slit plate 81A. The ten small 
slits are disposed in correspondence with the ten 
detection points FBna, FBnb (n - 1, 2, 3), FAla, FAlb , 
FA2a, and FA2b sen on the wafer W. Light transmitted 
through the small slics is incident upon an objective 
lens 84A of a projection system via a lens system 82A 
and a reflecting mirror 83A and is deflected by a prism 
85A by a desired angle to form a slit image at each 
detection point. 

The illumination optical system 80A, the multi- 
slit plate 81A, the lens system 82A, the reflecting 
mirror 83A, the objective lens 84A and the prism 85A 
constitute a projection system of an oblique incident 
light type focus detection unit. The solid lines in the 
optical path from the multi-slit, plate 81A to the wafer 
W shown in Fig. represent principal rays of 
transmitted light from the small slits, and the broken 
lines in the optical path represent typical imaging 
raysWii^of the small slit imaging light imaged at the 
detection point FB2a (or FB2b) . 

The reflected light of the small slit imaging 
light reflected at each detection point on the wafer W 
is again imaged on a receiving slit plate 813 via a 
prism 85B, an objective lens 84B, a reflecting mirror 
838 and a lens system 82B disposed generally 
symmetrically with respect to the projection system. 
Ten small receiving slits disposed in correspondence 
with the small slits in the projection multi- slit 
plate 81A are formed in the receiving slit plate 815. 
Light transmitted through these receiving slits is 
received by a light receiving device BOB which is a 
plurality of photoelectric detection elements. 

As the photoelectric detection elements of the 
light receiving device 803, ten photoelectric detection 
elements are provided in correspondence with the 
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positions of the small slits of the receiving slit 
plate 813 to separately detect the focus positions at 
the detection points on the wafer. The light receiving 
device 80B, the receiving slit plate 81B, the lens 
system 82B, the reflecting mirror 83B, the objective 
lens 84B and the prism 85B constitute a light receiving 
system of the oblique incident light type focus 
detection unit. The solid lines in the optical path 
from the wafer W to the receiving slit plate 813 shown 
in Fig. Ws^represent principal rays of the small slit 
images normally reflected by the wafer W, and the 
broken lines in the optical path represent typical 
imaging rays RSf from the detection point FB2a (or 
F32b) to the receiving slit plate 813. 

The projection system and the receiving system 
shown in Fig. are mounted on an integrally- formed-' 
metal member so that the positions of the components 
are accurately maintain- ed relative to each other. 
The metal member is rigidly fixed on the lens barrel of 
the projection lens PL, Another focus detection unit 
constructed in the same manner is disposed on the 
opposite side of the projection lens PL to separately 
detect the focus positions at the ten detection points 
FEna, FEnb (n - 1, 2, 3>, FDla, FD2a, FDlb, and FD2b 
shown in Fig. 

With respect to the pair of detection points FCla 
and FClb and the pair of detection points FC2a and ?C2b 
shown in Fig. oblique incident light type focus 

detection units each having a projection system and a q 
receiving syscem arranged in the Y-direction of Fig. 
(direction perpendicular to paper in Fig. may be 

provided on the opposite sides of the projection lens 
PL in the X-direction. Also in the case where the 
focus position detection points are disposed as shown 
in Fig. 5, the oblique incident light type focus 
detection unit shown in Fig. can also be applied in 

M 
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the same manner. 

A scanning aligner to which the present automatic 
focusing/tilt control system is applied is next 
described in accordance with a third embodiment of the 
present invention with reference to Fig. Ua^ This 
embodiment is applicable to a scanning aligner for a 
large substrate e.g. 300 mm diameter or greater having 
a IX projection optical system formed of a tandem 
combination of a first-stage Dyson type (catadioptric) 
projection imaging system consisting of a pair of prism 
mirrors PM1 and PM2 , a lens system PL1 and a concave 
mirror MR1 and a second- stage Dyson type projection 
imaging system consisting of a pair of prism mirrors 
PM3 and PM4, a lens system PL2 and a concave mirror 
MR2. such an aligner is disclosed in U.S. Patent 
5,29*8, 939 (to Swanson et al.), for example . 

In the aligner shown in Fig. uwf a mask M provided 
as an original plate and a plate P provided as a 
photosensitive substrate are integrally supported on a 
carriage 100, and a pattern on the mask M is 
transferred onto the plate P as a IX (unit 
magnification) erect image by moving the carriage 100 
to the left or right as viewed in Fig. Lg^ relative to 
the projection field of the IX projection optical 
system and illumination light IL so as to scan the mask 
M and plate P. 

In the case of the projection optical system for 
this type of aligner, it is desirable to minimize the 
spacing between the incidence plane of the prism mirror 
PMl and the surface of the mask M and the spacing 
between the exit plane of the prism mirror PM4 and the 
upper surface of the plate P for reducing 
deteriorations in imaging performance (various 
aberrations and image distortion) . In other words, if 
these spacings can be sufficiently reduced, the design 
of the lens systems PLl and PL2 disposed on the optical 
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axes AX1 and AX2 becomes easier. Therefore, to achieve 
the desired imaging performance, it is necessary to 
reduce the spacing between the prism mirror PM1 and the 
mask M and the spacing between the prism mirrors PM4 
and the plate P. 

In view of this condition, for focusing and tilt 
adjustment of the pattern image projected by this 
projection, prereading focus detection systems GDL and 
GDR and an exposure position off- axis type focus 
detection system GDC such as those of the first r| 
embodiment (Fig. 3) or the second embodiment (Figs. 

are provided around the prism mirror PM4 as shown 
in Fig. l^/to precisely coincide the surface of the 
plate and the best focus plane BFP at the exposure 
position immediately below the prism mirror PM4, by 
slightly moving the plate P in the Z-direction and the 
tilting direction. 

Further, pre-reading focus detection systems GDL' 
and GDR' and an exposure position off -axis type focus 
detection system GDC' may be disposed around the prism 
mirror PM1 on the jnask M side so as to face the mask M, 
as shown in Fig. k& These focus detection systems 
make it possible to detect a focus error and a tilt 
error of the area of the mask M irradiated with 
illumination light IL with respect to the prism mirror 
PM1 and to measure, in real time, a small deviation in 
the Z-direction (a focus shift of the image plane) and 
a tilt deviation (inclination of the image plane) of 
the best focus plane (i.e., a conjugate plane of 
reticle R) formed at a predetermined working distance 
from the prism mirror PM4 . a 

Thus, in the aligner shown in Fig, U#, the image 
plane on which the pattern o£ the mask M is projected 
and imaged in an optimal condition by the projection 
optical system and the surface of the plate P can be 
adjusted to coincide with each other highly accurately 
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during scanning exposure. c| 

The aligner shown in Fig. may be constructed so 
that mask M and plate P stand vertically. Fig.Us^is a 
perspective view of an exemplary structure of a 
scanning aligner having a vertical carriage for 
vertically holding mask M and plate P and for 
integrally moving mask M and plate P with respect to a 
projection optical system for scanning. A scanning 
aligner having mask M and plate P held vertically in 
this manner is disclosed in Japanese Laid-open Patent 
Application No. (Hei) 8-162401, for example. 

Referring to Fig. the entirety of the vertical 
type scanning aligner is constructed on a fixed base 
120A which is placed on a floor with vibration 
isolators interposed between four corner portions of 
the fixed base 120A and the floor. Side frame portions 
121A and 121B are provided on opposite side portions of 
the fixed base 120A so as to scand vertically (in the 
X-direction) . A mask M is placed inside the side frame 
portion 121A while a plate P is placed inside the side 
frame portion 121B . In the side frame portion 121A, 
there- fore, an opening is formed in which an end 
portion of an illumination unit 122 having optical 
systems for illuminating mask M with exposure 
illumination light and for mask-plate alignment is 
inserted, as illustrated. 

A guide base portion 123 is provided on the fixed 
base 120A so as to extend in the scanning direction (Y- 
direction). between the side frame portions 121A and 
121B. Two straight guide rails 123A and 123B are 
formed on the guide base portion 123 so as to extend in 
the Y-direction parallel to each other. A vertical 
carriage 12S is supported by fluid bearings or magnetic 
floating bearings on the guide rails Z23A and 123B 
reciprocatingly movably in the Y-direction. The 
vertical carriage 125 is driven in the Y-direction in a 
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non-contact manner by two parallel linear motors 124A 
and 1243 having stators fixed on the guide base portion 
123 . 

The vertical carriage 125 has a mask-side carriage 
portion 12SA vertically formed inside the side frame 
portion 121A to hold mask M and a plate -side carriage 
portion 125B vertically formed inside the side frame 
portion 121B to hold plate P. A mask table 126A for 
slightly moving mask M in the X- or Y- direction in an 
XY-plane or in a rotational (6) direction and for 
slightly moving mask M in the Z-direction while holding 
mask M is provided on the mask-side carriage portion 
125A. On the other hand, a plate stage 126B for 
slightly moving plate P in the X- or Y-direction in an 
XY-plane or in a rotational (B) direction and for 
slightly moving plate P in the Z.-direction while 
holding plate P is provided on the plate-side carriage 

portion 125B. 

A projection optical system PL such as one 
disclosed in Japanese Laid-open Patent Application No. 
(Hei) B-162401 mentioned above is used in this 
embodiment. The projection optical system PL is 
constructed by arranging a plurality of sets (e.g., 
seven sets) of "IX" erect type double Dyson systems in 
the direction perpendicular to the X-direction. The 
plurality of sets of double Dyson systems are 
integrally combined and housed in a casing which is 
generally T-shaped as viewed in an XZ-plane. The 
projection optical system PL thus constructed is 
mounted by being suspended from upper end portions of 
the opposite side frame portions 121A and 121B so that 
predetermined working distances from mask M and plate P 
are maintained. 

In the entire casing of the projecting optical 
system PL , mask M-side focus .detection systems GDC, 
GDL', and GDR' on the mask M side and plate P-side 
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focus detection systems GDC, GDL, and GDRVare provided 
so as to face mask M and plate P, respectively, as 
shown in Fig. The detection points defined by the 

pre-reading focus detection systems GDL, GDL' , GDR, and 
GDR' may be set in correspondence with the projection 
fields of the plurality of sets of double Dyson systems 
or may be arranged at predetermined intervals 
irrespective of the placement of the projection fields. 

Fig. 1*0^ is a perspective view of an example of a 
layout of detectors in mask M-side focus detection 
systems GDC , GDL', and GDR' provided in Che casing of 
the projection optical system PL shown in Fig.U£< The 
effective projection fields DF1 , DF2, DF3 , DF4, DF5, 
... of the plurality of sets of double Dyson systems 
are set as trapezoidal areas elongated in the X- 
direction perpendicular to the scanning direction. The 
trapezoidal projection fields DFn (n - 1, 2, 3 . are 
arranged in such a manner that the trapezoidal 
projection fields of each adjacent pair of double Dyson 
systems overlap each other by their oblique sides as 
seen in the X-direction. 

While only the pro j ection^ fields DFn on the mask M 
side are illustrated in Fig. the projection fields 

on the plate P side are also arranged in the same 
manner. For example, the projection field DF2 shown in 
Fig. tie is defined by a double Dyson system such as 
that shown in Fig. including two concave mirrors 
MR2a and MR2b, and the projection field DF4 is defined 
by a double Dyson system including two concave mirrors 
MR4a and MR4b. ^ 

As shown in rig. ks/ detectors GDA1' , GDB1\ GDB2' 
GDA2 ' (detectors GDA2 ' not being seen in Fig. lao< 
for the pre-reading focus detection system GDL' and 
detectors GDD1', GD51', GDE2 ' . . . , GDD2' (detectors 
GDD2 ' not being seen in Fig. leaf for the pre-reading 
focus detection system GDR 1 are disposed on the 
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opposite sides (on the front and rear sides with 
respect to the scanning direction) of the plurality of 
projection fields DPn. Also, exposure position focus 
detectors GDCl' and GDC2 ' (detector GDC2 ' not being 
seen in are disposed at the opposite ends of 

the entire array of the plurality of projection fields 
DFn in the X-direction perpendicular to the scanning 
direction. 

Each of the focus detectors described above is 
e.g. an air micrometer type electrostatic gap sensor. 
They may alternatively be oblique incident light type 
focus detectors. While only the focus detectors for 
detection on the mask M side are illustrated in Fig. 

a plurality of detectors are also arranged in the 
same manner in the focus detection systems GDC, GDL , 
and GDR for detection of the plate P. 

Adjustment portions KD1 and KD2 for adjusting 
various optical characteristics of the plurality of 
sets of double Dyson systems are provided on side 
portions of the casing of the projection optical system 
PL shown in Fig. Therefore, a mechanism is 

provided to adjust the Z-direction position, i.e., to 
set a mechanical (optical) focus offset detected as a 
best focus plane by each focus detector, if the 
position of the best focus plane on the mask M side or 
plate P side is changed in the Z-direction in Fig. 
by the optical characteristic adjustment. 

This mechanism may be e.g. a mechanism which 
mechanically adjusts the position of a focus detector 
in the Z direction, or a mechanism which optically 
adjusts the position recognized as the best focus 
position by the focus detector in the Z direction, so 
that the optical path length is changed optically. 
Alternatively, the mask or plate are automatically 
adjusted for focussing in the Z direction according to 
detection signals which represent a focus error, and an 
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offset is added to its moved position in the Z 
direction. 

A fourth embodiment in accordance with the present 
invention is next described with reference to Fig.i-^ 
This embodiment is applicable to an apparatus for 
performing projection exposure while immersing a 
projection end portion of a projection ^lens system PL 
in a liquid as described above. Fig, a cross- 

sectional- view of a portion of the apparatus from the 
end of the projection lens system PL and to a wafer 
holder WH. 

A positive lens element LEI having a flat lower 
surface Pe and a convex upper surface is fixed on the 
end of the projection lens system PL inside the lens 
barrel. The lower surface Pe of this lens element LEI 
is finished so as to be flush with the end surface of 
the extreme end of the lens barrel, so that a flow of a 
licjuid LQ is disturbed only to a minimal extent. To a 
lens barrel end portion of the projection lens system 
PL immersed in liquid LQ, detectors of pre-reading 
focus detection systems GDL and GDR^ and an exposure 
position focus detection system ^S^^which are similar 
to those shown in Pig. 1 are attached so that their 
extreme end portions are immersed in liquid LQ. 

A plurality of attraction surfaces 113 for 
attracting the reverse surface of wafer W by vacuum 
suction are formed in a central inner bottom portion of 
the wafer holder WH. More specifically, the attraction 
surfaces 113^v3r^plurality of circular-band- like land 
portions which have a height of about 1 mm and which 
are formed concentrically with each other with a 
predetermined pitch in the diametrical direction of the 
wafer W. Each of the grooves formed in central 
portions of the circular land portions communicates 
with a tubing 112 in the wafer holder WH. The piping 
112 is connected to a vacuum source for vacuum suction. 
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In this embodiment, the spacing (substantial 
working distance) between the lower surface Pe of the 
lens element LEI at the end of the projection lens 
system PL and the upper surface of the wafer W (or 
auxiliary plate portion HRS) in an optimum focus state, 
i.e., the thickness of liquid LQ in which a projection 
optical path is formed, is set to be 5 mm or less. 
Accordingly, the depth Hq of liquid LQ filling the 
wafer holder WH may be two to several times larger than 
this thickness (5mra or less), and the height of a wall 
portion LB vertically formed at the peripheral end of 
the wafer holder WH is about 10 to 25 mm. Thus in this 
embodiment, the thickness of liquid LQ in the imaging 
optical path corresponding to the working distance of . 
the projection lens system PL is reduced, so that the 
total volume of liquid LQ filling the wafer holder WH 
is smaller and hence temperature control of the liquid 
(LQ] is easier. 

In the region of liquid LQ in which the projection 
optical path is formed, a part of the illumination 
energy is absorbed when exposure light passes 
therethrough, so that an irradiation heat fluctuation 
can easily occur. If the depth Hq of liquid LQ is 
small, an increase in temperature due to such 
irradiation heat fluctuation occurs easily and an 
adverse effect of reducing the stability of temperature 
control may result. In such a case, a better effect is 
obtained by setting the depth Hq of liquid LQ to a 
value several times the substantial working distance, 
in order to disperse the influence- of irradiation heat 
fluctuation in the large-volume liquid layer. 

To provide focus detection systems GDL, GDR, and 
GDC as an optical type detection system in an immersion 
projection system such as that shown in TigXsS one 
prevents the projected beam obliquely incident upon the 
surface of wafer W or auxiliary plate portion HRS and 
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the beam reflected by this surface from intersecting 
the interface between liquid LQ and air. An example of 
a focus/tilt detection system suitable for such an 
immersion projection type aligner ^ is therefore 
described with reference to Fig. Li-of. 

Fig. ^iV'shows the construction of a focus 
detection system GDL disposed in the vicinity of a 
projection lens system PL. Other detection systems GDR 
and GDC are constructed in the same manner as the 
detection system GDL. In Fig. w', the same components 
as those shown in Fig.U^are indicated by the same 
reference characters or^numerals. 

Referring to Fig. a prism mirror 200 formed of 

a glass block and having a lower portion immersed in 
liquid hQ is fixed in the vicinity of a peripheral 
portion of the projection lens system PL. The prism'- 
mirror 200 has reflecting surfaces 200a and 200b 
partially immersed in liquid LQ, and flat surfaces 200c 
and 200d through which the projected beam or reflected 
beam travels out of the glass of the prism mirror 200 
into liquid LQ or out of liquid LQ into the glass. 
Also the prism mirror 200. has a flat upper surface. 

A multi-slit plate 205 is illuminated through a 
condenser lens or a cylindrical lens 203 with light LK 

(having a non- actinic wavelength relative the resist on 
wafer W) from a light source 202 such as a light 
emitting diode (LED) or a laser diode (LD) for forming 
a projected beam for focus/tilt detection. A plurality 
of transmission slits corresponding to detection points 

(areas) FAn and FBn of the focus detection system GDL 
are formed in the slit plate 20S. The light from each 
transmission slit is reflected by a beam splitter 207 
and is incident upon an objective lens 209 to be 
converged as an imaging beam forming a slit image on 
the upper surface of wafer W. 

The imaging beam emergent from the objective lens 

*1 



(92) 



^rHUT 1 0-1 54659 



209 enters the prism mirror 200 through the upper end 
surface of the same, is normally reflected by the 
reflecting surface 200a, and enters liquid LQ through 
the flat surface 200c to be obliquely incident upon the 
surface of wafer W to irradiate the same. The beam 
reflected by wafer W enters the prism mirror 200 
through the opposite flat surface 200d, is normally 
reflected by the reflecting surface 200b and travels 
out of the prism mirror 200 through the upper end 
surface. This reflected light beam passes through an 
objective lens 211 and is reflected by a reflecting 
mirror 213 disposed at a pupil position of the 
objective lens 211. 

The beam reflected by the mirror 213 travels 
reversely through the objective lens 211 and again 
travels via the reflecting surface 200 and the flat : 
surface 200d of the prism mirror 200 to again irradiate 
wafer W. The light beam again reflected by wafer W 
travels via the flat surface 200c and the reflecting 
surface 200a of the prism mirror 200, passes the beam 
splitter 207 and is incident on a photoelectric 
detector 215. The photoelectric detector 215 is a 
plurality of light receiving elements corresponding to 
the slits of the slit plate 205. The photoelectric 
detector 215 separately outputs detection signals with 
respect to the detection points FAn and F3n, 
respectively. 

Thus, the focus/tilt detection system shown in 
Fig. ^y/ t is arranged as a double-path system in which 
the projected beam reflected by wafer W is again 
reflected by wafer W, and can therefore have higher 
sensitivity for detection of an error in the wafer W 
surface position in the Z-direction in comparison with 
a single-path system. 

In this embodiment, a glass block (prism mirror 
200) is provided at the extreme end of the focus/tilt 

bo 
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detection system and is positioned so as to be 
partially immersed in liquid LQ, so that the projected 
beam and the reflected beam do not pass any interface 
between liquid LQ and air, thus providing a stable beam 
path. Moreover, the effective length of the path in 
liquid LQ through which the projected beam or reflected 
beam travels is reduced by virtue of the prism mirror 
200, thereby avoiding any reduction in accuracy due to 
temperature variation of liquid LQ at the time of 2- 
position measurement. 

Modified examples of the structure of the wafer 
holder WH shown in Figs. 1 and 5 are described with 
reference to Figs. £U and \&(. Fig. U^/is a cross- 
sectional view of a wafer holder WH to be mounted in a 
projection exposure apparatus for performing immersion 
exposure. In this example, fine Z- drive units 220 !• 
such as piezoelectric elements are provided which can 
slightly move an auxiliary plate HRS surrounding an 
attraction surface 113 on which wafer W is supported. 
The fine Z -drive units 220 move the auxiliary plate KRS 
in the Z-direction by a stroke of about several tens of 
micro-meters . 

If the difference between the height of the 
surface of wafer W placed on the attraction surface 113 
of the wafer holder WH and the height of surface of the 
auxiliary plate HRS in the Z-direction is larger than 
an allowable difference, this Z-drive unit 220 is used 
to correct the height of surface of the auxiliary plate 
HRS so that the difference is reduced to a value 
smaller than the allowable value. 

As mentioned above with reference to Fig. 5, the 
surface of the auxiliary plate KRS functions as an 
alternative detection surface for the focus detection 
points FA1 (or FA2) , FC1 {or FC2 > , and FD1 (or FD2) 
located outside wafer W when shot area SAl at the 
peripheral portion of wafer W is exposed. However, when 
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inner shot area SA2 (see Fig. 5) of wafer W is exposed, 
these focus points are positioned on wafer W. 
Therefore/ the focus detectors GDA.1 , GDA2, GDC1, GDC2, 
GDD1, and GDD2 having detection points each of which is 
not exclusively positioned on one of the surface of the 
auxiliary plate HRS and the surface of wafer W must 
accurately measure the Z-position on each of these 
surfaces. That is, it is necessary for the positions 
in the Z-direction of the surfaces of the auxiliary 
plate HRS and wafer W to be within the linear focus 
measuring range of the each focus detectors GDAn, GDCn 
and GDDn . 

For example, if the linear focus measuring range 
of the focus detectors is.± 10 micrometers, the Z 
positional deviations of the surfaces of the auxiliary 
plate HRS and wafer W are limited within the range of 
several micrometers. However, the thickness of wafers 
varies in a tolerance determined by the SEMI standard, 
and it is difficult to limit the thicknesses of all 
usable wafers within the range of several micro-meters. 

Therefore, when wafer W is attracted to the wafer 
holder WH shown in Fig. ^before exposure, the 
difference between the Z-positior. of a suitable portion 
of the wafer W surface (e.g., a central portion of a 
peripheral shot area) and the Z-position of the surface 
of the auxiliary plate HRS is measured by using one of 
the focus detection systems (GDL, GRD, GDC) before 
exposure. If the difference exceeds the allowable 
range (e.g., several micro-meters), the height of the 
auxiliary plate HRS is adjusted so that the difference 
is within the allowable range by controlling the fine 
Z-drive units 220 shown in Fig. hut Since the wafer 
holder WH shown in Fig. bla^ is filled with liquid LQ, 
the fine Z-drive units 220 are "waterproofed" to 
prevent the liquid from entering the units. 

The construction shown in Fig. ^tS^is next 



(95) 



54659 



described. Fig. Ui^ is a cross-sectional view of a 
modified example of the structure including a wafer 
holder WH and a ZL stage 30, which is suitable for 
exposure of a wafer in air. The components 
corresponding to those shown in Fig. titf are indicated 
by the same reference characters or numerals. Referring 
to Fig. the wafer holder WH is constructed as a 

chuck on which only an attraction surface 113 for 
supporting wafer W is formed, and which is fixed on a 
ZL stage 30. 

An auxiliary plate KHS is mounted on the ZL stage 
30 with fine Z-drive units 220 interposed therebetween. 

• Each function point PV of three Z-actuators 32A, 32C, 
and 32B (3 2B not being seen, in Fig. tuJ3^ for driving 
the ZL state 30 in the Z- direction and a tilting 
direction are set to points at a peripheral portion of 
the ZL stage 3 0 substantially at the same height as the 
wafer mount surface (attraction surface 113) of the 
wafer holder WH. ^ 

Also in the arrangement shown in Fig. the 
height of the auxiliary plate HRS is adjusted to that 
of the upper surface of wafer W by using fine Z-drive 
units 220 in the same manner as shown in Fig. 
This structure of the ZL stage 30 and the Z-actuators 

^Ay ih}^h 3 lU . h&, in which ^zrheAgfat of the height 
of the function points PV are set to the same level as 
the wafer surface, may also be applied to the aligner^, 
shown in Fig. 1. Also, the wafer holder WH^of Fig. LlSS 
may be mounted on the ZL stage 3 0 of Fig. OJtS'to form a 
focusing and tilting stage suitable for immersion 
projection exposure apparatus or its method. 

The present invention has been described with 
respect to applications to exposure apparatus. 
However, the above -de scribed embodiments can be 
modified in various ways with- out departing from the 
scope of the present invention. For example, the focus 
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detection systems GDL, GDR, and GDC may include 
electrostatic capacity type gap sensors or air 
micrometer type gap sensors in the case of an aligner 
for performing projection exposure in air. Also, the 
present invention is applicable e.g. to any of the 
step-and-repeat type, step-and-scan type and "IX" 
scanning type projection aligners using, as exposure 
light, g-line (4G3 nm) or i-line (365 nm) from a 
mercury discharge lamp or pulse light (248 nm) from JCrF 

excimer laser. 

According- to the present invention, precise 
focusing and tilt control at the exposure position can 
be realized while the working distance of the 
projection optical system mounted in the projection 
aligner is set to an extremely small value, so that _ 
correction of various aberrations and distortion, 
correction in optical design of the projection optical 
system become easier and the transparent optical 
element positioned near the image plane, in particular, 
can be reduced in size. 

Each of the focusing/tilt control systems in 
accordance with the above-described embodiments of the 
present invention is applicable to a certain type of 
projection exposure apparatus. However, the present 
invention is also applicable to focus/tilt detection 
systems for beam processing (manufacturing) 
apparatuses, writing apparatuses, inspection 
apparatuses and the like and is not limited to 
semiconductor fabrication. These beam processing 
apparatuses, writing apparatuses and inspection 
apparatuses are provided with an optical or 
electrooptical objective system to which the present 
invention can be applied as a focus detection system 
for detecting a focus on a substrate, specimen or 

workpiece. ^* 

Fig. k^f/ shows the construction of a focus 
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detection system applied to an objective optical system 
of an apparatus for processing a workpiece with a laser 
or electron beam or for writing a pattern on a 
workpiece, and Fig. \l2& shows a planar layout of 
detection points of the focus detection system shown in 
Fig. kitf! /b 

Referring to Fig. U-aX', a processing or writing 
beam LBW is deflected unidimentionally or two- 
dimensionally by a scanning mirror 300 and travels via 
a lens system 301, a fixed mirror 302 and a lens system 
303 to be incident upon a beam splitter 304. The beam 
LBW is reflected by the beam splitter 304 to be 
incident upon a high-resolution objective system 305 
having a small working distance. The beam LBW is 
condensed into a small spot having a predetermined 
shape (e.g., a variable rectangular shape) on a 
workpiece WP by the objective system 305. 

The workpiece WP is attracted to and fixed on the 
same holder WH as that shown in Fig. An 
auxiliary plate HRS is attached integrally to the 
holder WH around the workpiece WP. The holder WH is 
fixed on an unillustrated XYZ- stage to be moved two- 
dimensionally in a horizontal direction and in a ^ 
direction perpendicular to paper as viewed in Fig. 
The holder WH is also moved slightly in the vertical 
direction (Z-direction) for focusing. 

The apparatus shown in Fig. tCaX' is also provided 
with an optical fiber 310 for emitting illumination 
light for observation, alignment or aiming, a beam 
splitter 311 and a lens system 312 for leading the 
illumination light to the above-mentioned beam splitter 
304, and a light receiving device (e.g. or 
photomultiplier, image pickup tube, CCD or the like) 
314 for photoelectrically detecting reflected light, 
scattered and diffracted light or the like from the 
workpiece WP obtained through the objective system 305. 
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Pre-reading focus detection systems GDL and GDR 
and a processing position focus detection system GDC ^ 
are provided • around the objective system 305, Fig. Uz* 
shows a field 3Q5A of the objective system 305 and a 
planar layout of detection points of the focus 
detection systems disposed around the field 305A. For 
convenience, the center of the field 305A is set at the 
origin of an XY coordinate system. A rectangular area 
in the field 3 0SA indicates the range through which the 
spot of the beam LBW scans by the deflection of the 
beam caused by the scanning mirror 300. 

Focus detectors GDA1, GDBn, and GDA2 on the left- 
hand side of the field 305A of the objective system are 
disposed so that detection points FAl, FBI, .732 , F33 , 
and FA2 is set in a row parallel to the Y-axis. Also, 
focus detectors GDDi, GDEn, and GDD2 on the right-hand 
side of the field 305A are disposed so that detection 
points FD1, FE1, FE2, FE3 , and FD2 is set in a row 
parallel to the Y-axis. 

On the other hand, a focus detector GDC1 provided 
above the field 305A is set so that three detection' 
points FDla, FDlb, and FDlc are placed on a line 
passing the two detection point FAl and FD1 and 
parallel to the X-axis while a focus detector GDC 2 
provided below the field 305A is set so that three 
detection points FD2a, FD2b, and FD2c are placed on a 
line passing the two detection point FA2 and FD2 and 
parallel to the X-axis. In this embodiment, a set of 
the focus detectors GDA1, GDBn and GDA2 and a set of 
the focus detectors GOD!, GDEn and GDD2 are selected as 
the focus pre-reading function while the workpiece w? 
moves in the X-direction. On the other hand, the focus 
pre-reading function is achieved by selecting a set of 
the focus detectors GDA1, GDC1 and GDDI and a set of 
the focus detectors GDA2 , GDC 2 and GDD2 while the 
workpiece WP moves in the Y-direction. This embodiment 
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is arranged so that the detection points of the focus 
detectors GDBn, GDC1, GDC 2 , and GDEn can be changed for 
detecting a focus of the processing position. For 
example, when the workpiece WP is moved in the X 
direction from the left-hand side to the right-hand 
side of Fig. li-^ one of three pairs of detection points 
FDla and FD2a, detection points FDlb and FD2b, and 
detection points FDic and FD2c may be selected for 
focus detection of the processing position while the 
detection points FA1, FBI, FS2 , FB3 , and FA2 are being 
used for pre-reading. 

This arrangement is intended to achieve an effect 
described below. That is, the position of the spot of 
the processing or drawing light beam LBW changes in the 
scanning range 30SB. Therefore, when for example, the 
light spot is positioned at the leftmost end of the •* 
scanning range 3 05B as seen in Fig. the two 

detection points FDla and FD2a are selected for 
processing position focus detection. When the light 
spot is positioned at the rightmost end of the scanning 
range 305B, the two detection points FDlc and FD2c are 
selected for processing position focus detection. 

In this manner, the reproducibility and accuracy 
of focus^ control or tilt control are improved. The 
holder tea/shown in Fig. is slightly moved in the 

focusing (Z) direction and in a directions on 

the XY stage. As is a drive system and a control 
system for this movement, those shown in Fig. * can be 
used without being substantially modified. 

As described above, the focus detection system 
shown in Fig. and hl^is arranged to enable pre- 

reading detection of the focus in each of the 
directions of the two-dimensional movement of workpiece 
WP and to enable the focus detection point for the 
processing position to be selected according to the 
position of the beam spot in the field 305. As a 
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result, even a peripheral portion of workpiece WP is 
precisely processed (imaged) in an accurately focused 
state or pattern imaging can be performed thereon in 
such a state. 

An inspection apparatus to which the focus/tilt 
detection system of the present invention can be ^ 
applied is described briefly with reference to Fig. 
which shows an example of an apparatus for optically 
inspecting defects in patterns drawn on a mask or 
reticle for photolithography or defects, in circuit 
patterns of a semiconductor device or liquid crystal 
display device formed on a substrate. 

In recent years, techniques for examining the 
quality of an inspected pattern formed on a specimen 
(substrate) and checking the presence or absence of 
extraneous materials' or particles and damage by 
enlarging the inspected pattern through an objective 
optical system, by forming an enlarged image of the 
pattern by a CCD camera or the like and by analyzing an 
i ma g e signal obtained from such an image have been 
constructively introduced into this kind of inspection 
apparatus . 

In such a case, it is important to improve the 
accuracy with which an accurately enlarged image of the 
inspected pattern is obtained. An objective system 
having high resolution and a large field size and 
capable of forming an image with minimized aberrations 
and distortion is therefore required. Such an 
objective system naturally has a small working distance 
and is ordinarily designed as a through the lens (7TL) 
type such that focus detection is made through the 
objective system. However, a TTL optical focus 
detection system entails a problem of limiting the 
detection sensitivity (the amount of change in 
detection signal with respect to an error in focusing a 
specimen) because of a restriction due to the numerical 
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aperture (NA) of the objective system. 

If a TTb focus detection system is formed so as to 
use light having a wavelength different from that of 
illumination light for inspection, aberration 
correction must be taken into consideration with 
respect to the wavelength ranges of inspection 
illumination light and focus detection illumination 
light in the optical design of the objective system. 
In such a case, the lens cannot always be designed 
optimally with respect to inspection illumination 

light- » 

Then, as shown in Fig. W, a plurality of sets of 
focus detection systems GDC, GDL, and GDR are provided 
around an objective lens 330 for inspection in the same 
manner as those shown in Figs. and A specimen 

WP to be inspected is e.g. a mask having a pattern Pa 
formed on its lower surface. The specimen WP is 
supported at its peripheral end on a frame-like two- 
dimensional ly-movable stage 331 having an opening. The 
objective lens 330 is mounted in an upward- facing state 
on a base member 332 for guiding movement of the stage 
331. An enlarged image of a local area in pattern Pa 
is imaged on an imaging plane of an image pickup d |^- ce 
33 S through a beam splitter 334 and a lens system Wf^" 

On the opposite side of the specimen WP, a 
condenser lens 338 of an illumination optical system is 
disposed coaxial with the axis AX of the objective lens 
330. Illumination light from an optical fiber 340 
travels through a condenser lens 341, an illumination 
field stop 342 and a lens system 343 to be incident 
upon the condenser lens 338, thereby irradiating the 
area on the specimen WP corresponding to the field of 
the objective 330 wich a uniform illuminance. 

In the above -described arrangement, the focus 
detection systems GDC, GDL and GDR are mounted on the 
base member 332 together with the obj ecc ive^^so as to 
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upwardly face the pattern Pa. A plurality of focus 
detectors (a plurality of detection points) are 
provided in the focus detection systems GDL and GDR 
provided for pre-reading, while at least one pair of 
focus detectors is provided in the focus deteccion 
system GDC for detection at the inspection position. 

Also in the focus detection system shown in Fig. 
ti!^ the specimen WP on the stage 331 may be moved 
vertically along the optical axis AX- or tilted on the 
basis of focus position information detected by the 
focus detectors by using a control circuit such as that 
shown in Fig. 4. In the inspection apparatus shown in 
Fig. *aS< however, only an effect of obtaining a high- 
quality enlarged image of the pattern Pa imaged by the 
image pickup device l^Tmay suffice. Therefore, a focus 
adjuster 352A or 352B for slightly moving the objective 
lens 330 or the lens system 335 along the optical axis 
AX may be provided instead of the means for vertically 
moving the specimen WP. 

An inspection apparatus in which a mask pattern Pa 
provided as a specimen WP is positioned so as to face 
downward has been described by way of example with 
reference to Fig. W. Needless to say, this embodiment 
can be directly applied to an inspection apparatus in 
which pattern Pa faces upward, while the objective lens 
faces downward. In the apparatus shown in Fig. US< a 
transmitted image of pattern Pa is inspected by a 
coaxial transmission illumination system. 

However, the illumination system may be changed so 
chat coaxial reflection illumination light is 
introduced through the beam splitter 3 34 in the 
direction of the arrow 350 in Fig. U3< In such a case, 
Che enlarged image received by the image pickup device 
33 6 is formed by imaging reflected light from the 
pattern Pa. 

Further, another method may be used in which a 
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spatial filter with a transmission portion having a 
desired shape is removably placed at the position of a 
Fourier transform plane formed in the optical path of 
the illumination optical system or in the imaging 
optical system to enable a bright field image or a dark 
field image of pattern Pa to be selectively imaged on 
the image pickup device 336. 

This disclosure is illustrative and not limiting; 
further modifications will be apparent to one of 
ordinary skill in the art in light of this disclosure, 
and are intended to fall within the scope of the 
appended claims. 
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4- Brief Description of Drawings 

Fig. l is a diagram showing a scanning projection 
exposure apparatus (aligner) in a firsc embodiment of 
the present invention; 

rig. 2 is a schematic perspective view explaining 
' a scanning exposure sequence; 

Fig. 3 is a schematic perspective view of Che 
disposition of a focus detection system provided in the 
vicinity of an end of the projection lens system shown 
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in Fig. 1; 

Fig. 4 is a circuit block diagram of a circuit 
arrangement in the AF control unit shown in Fig. 1; 

Fig. 5 is a plan view of the positional 
relationship between a projection field and detection 
areas of focus sensors on the wafer in the apparatus 
shown in Fig. 1; 

Figs. 6A, 63, 6C, and 6D are diagrams of the 
focusing and tilting operation of the apparatus shown 
in Fig. 1; ^ 

Fig. s a plan view of a layout of detection 

areas of a focus/tilt detection system in a second 
embodiment of the present invention; 

Fta. Wis a side view of a layout of a modified 
example of the focus/tilt detection system shown in 

Fig. Wf/is a schematic diagram in a third 
embodiment of the present invention in which the 
invention is applied to a scanning exposure apparatus 
(scanning aligner) ; 

Fig. laa^is a perspective view of a vertical 
carriage aoplied to the scanning aligner shown in Fig. 
\& 

***** 1 1 

Fig. W'is a perspective view of a projection 
optical system and a focus detection system provided in 
the projection aligner shown in Fig. 

Fig.^^is a cross-sectional view in a fourth 
embodiment of the present invention in the construction 
of which the invention is applied to an immersion 
projection exoosure anoaratus; 

Fig. hj/ is a diagram showing an example of an 
optical path layout of a focus/tilt detection system 
suitable for the immersion projection exposure 
apparatus; 

Figs. oiX and ilia are cross -sectional views of 
modified examples of the wafer holder; 
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Fig. a diagram showing an example of a 

manufacturing or imaging or writing apparatus to which 
the focus detection sensor of the present invention is 
applied; jq 

Fig. *3B is a plan view showing an exemplary 
layout of the focus detection system applied to the 
aooaratus shown in Fig, and 

Fig. is a diagram schematically shewing the 
construction of an exemplary inspection apparatus to 
which the focus/tilt detection system of the present 
invention is applied. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 6A 




Fig. 6B 
BFP 



Fig. 6C 



J. ---l 



Fig. 6D 





(113) 



ftHHPl 0-1 54659 



Fig. 7 
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1 , Abstract 



present invention provides a 
projection aligner (exposure apparatus) and an exposure 
method which enable high-precis icn focusing control and 
high- precision tilt control even if a projection 
optical system to reduce the working distance in 
comparison with the conventional projection optical 
system is incorporated. 

Improvements in a focusing apparatus having an 
objective optical system for optically manufacturing a 
workpiece, forming a desired pattern on a surface of a 
workpiece or inspecting a pattern on a workpiece and 
used to adjust- the state of focusing between the 
surface of the workpiece and the .objective optical 
system. The focusing apparatus has a first detection 
system having a detection area at a first position 
located outside the field of the objective optical * 
system, a second detection system having a detection 1 
area at a second position located outside the field of 
the objective optical system and spaced apart from the 
first position, and a third detection system having a 
detection area at a third position located outside the 
field of the objective optical system and spaced apart 
from each of che first and second positions. A 
calculator calculates a deviation between a first focus 
position and a target focus position and temporarily 
stores a second focus position at the time of detection 
made by the first detection system. A controller 
controls focusing on the surface of the workpiece on 
the basis of the calculated deviation, the stored 
second focus position and a third focus position when 
che area on the workpiece corresponding to the 
detection area of the first detection system is 
positioned in the field of the objective optical system 
by relative movement of the workpiece and the objective 
optical system. 

2. Representative Drawing 
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